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EXECUTIVE SUMMARY

The area of the Alaska Maritime National Wildlife Refuge (NWR) has
generally attracted little oil or gas exploration interest. No wells have
been drilled within the refuge, however, several have been drilled near refuge
lands. This study of the hydrocarbon occurrence potential of Alaska Maritime
NWR indicates that the refuge has lands with high, moderate, low, and no
potential. Lands with high potential total about 260,000 acres, or about
5 percent of the refuge. Those lands with moderate potential total
approximately 50,000 acres, or about 1 percent of the refuge. The lands with
low potential total about 90,000 acres, or about 2 percent of the refuge.
Ninety-two percent of the refuge, or 4.4 million acres, has no potential for
hydrocarbon occurrences. All refuge lands were determined to have either low
or no development or economic potential for development through the turn of
the century. For a detailed listing of the refuge lands as well as their
hydrocarbon occurrence and development potential, see Appendix D.
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INTRODUCTION

This report will provide an o0il and gas resource assessment of the Alaska
Maritime National Wildlife Refuge (NWR) to be included as part of the
"comprehensive conservation plan" for the refuge as mandated by Sections 1008
and 304(g) of the Alaska National Interest Lands Conservation Act (ANILCA).
The U.S. Bureau of Land Management (BLM) is conducting the resource assessment
at the request of the U.S. Fish and Wildlife Service (FWS) as set forth in a
Memorandum of Understanding between the FWS and BLM (Appendix A).

This assessment will:
1. Identify areas of different hydrocarbon resource potential.

2. Illustrate and discuss a hypothetical development scenario within
Alaska Maritime National Wildlife Refuge.

3. Present an economic assessment of oil and gas production from the
Alaska Maritime National Wildlife Refuge.

The Alaska Maritime NWR contains approximately 4.9 million acres. It
extends from Forrester Island in southeast Alaska west across the Aleutian
Islands to Attu Island, and north to the vicinity of Barrow (see figure 1).
Approximately 3,000 headlands, islandsg, islets, and pinnacles are included
within the refuge.

The Alaska Maritime NWR has five units, the Chukchi Sea Unit, the Bering
Sea Unit, the Aleutian Island Unit, the Alaska Peninsula Unit, and the Gulf of
Alaska Unit. The Chukchi Sea Unit contains 200,000 acres and extends from the
Bering Strait northward to Barrow (figure 2). The Bering Sea Unit contains
200,000 acres and extends from the Bering Strait south to the Pribilof Islands
(figures 3, 4, and 5). The Aleutian Islands Unit contains 3.3 million acres
and extends from Unimak Island west to Attu Island (figures 6, 7, and 8). The
Alaska Peninsula Unit contains 700,000 acres and extends along the south side
of the Alaska Peninsula from the tip of the peninsula to the Katmai National
Park Boundary (figure 9). The Gulf of Alaska Unit contains 500,000 acres and
extends from Kodiak Island to Forrester Island (figures 10, 11, and 12).

DESCRIPTION OF GEOLOGY
Physiography

The topography of the Alaska Maritime NWR ranges from low barrier islands
to rocky cliffs along the Chukchi Sea coast, to the rugged volcanic mountains
of the Aleutian Islands, to the gently rounded Forrester Island of
southeastern Alaska. Alaska Maritime NWR lies within all four of the major
physiographic divisions within Alaska: the Interior Plains, the Rocky Mountain

System, the Intermontane Plateaus, and the Pacific Mountain System (figure
13).
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The Chukchi Sea Unit lies within the Interior Plains, the Rocky Mountain
System, and the Intermontane Plateaus physiographic divisions. This unit lies
within the Arctic Coastal Plain province of the Interior Plains division; the
Arctic Foothills and Arctic Mountains provinces of the Rocky Mountain System;
and the Western Alaska and Seward Peninsula provinces of the Intermontaine
Plateaus division.

The Bering Sea Unit lies within the Ahklun Mountains, Bering Shelf, Seward
Peninsula, and Western Alaska provinces of the Intermontaine Plateaus
physiographic division.

The Aleutian Islands Unit lies almost totally within the Alaska-Aleutian
province of the Pacific Mountain System. The northeastern coast of Unimak
Island, between Rocky Point and Urilia Bay, is in the Western Alaska province
of the Intermontane Plateaus division.

The Alaska Peninsula Unit lies entirely within the Alaska-Aleutian
province of the Pacific Mountain System. :

The Gulf of Alaska Unit lies within the Alaska-Aleutian, Coastal Trough,
and Pacific Border Ranges provinces of the Pacific Mountain System.

Stratigraphy
This section of the report will discuss the rocks along the entire
coastline within each unit of the refuge, rather than just that of the
headlands, islands, etc. within the refuge. This section is taken from
Beikman (1980).
Chukchi Sea Unit
Sedimentary and metasedimentary rocks

Precambrian (more than 570 million years old - Ma)

Siltstone, phyllite, graywacke, quartz schist, graphitic schist,
tactite, and schistose, argillaceous, dolomitic limestone.

Paleozoic (570 Ma to 245 Ma)
Limestone, dolomite, argillite, chert, graywacke, schists,
quartzite, slate, greenstone, marble, phyllite, shale,
sandstone, and conglomerate.

Jurassic and Triassic (245 Ma to 144 Ma)

Shale, siltstone, chert, graywacke, limestome, and sandstone.
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Cretaceous and Jurassic (208 Ma to 66.4 Ma)

Argillite, shale, graywacke, quartzite, conglomerate, tuff, and
agglomerate.

Lower Cretaceous (144 Ma to 97.5 Ma)

Graywacke, sandstone, shale, siltstone, conglomerate, coaly
shale, coal, ironstone, and bentonite.

Upper Cretaceous (97.5 Ma to 66.4 Ma)
Sandstone, conglomerate, shale, and siltstone.
Tertiary (66.4 Ma to 1.6 Ma)
~-—Sandstone, siltstone, and shale.
Quaternary (younger than 1.6 Ma)

Alluvial, glacial, lacustrian, eolian, beach, and volcanic
sediments.

Igneous and metamorphosed igneous'rocks
Jurassic, Triassic, and Permian (286 Ma to l44 Ma)
Basaltic volcanic rocks
. Lower Cretaceous (144 Ma to 97.5 Ma)
Trachytic to andesiéic volcanic rocks
Quaternary and Tertiary (younger than 66.4 Ma)
Basaltic volcanic rocks
Bering Sea Unit
Sedimentary and metasedimentary rocks
Precambrian (older than 570 Ma)
Siltstone, phyllite, graywacke, quartz schist, graphitic schist,

tactite, gneiss, slate and schistose, argillaceous, dolomitic
limestone.
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Paleozoic (570 Ma to 245 Ma)
Limestone, dolomite, marble, chert, shale, and sandstone.
Jurassic (208 Ma to 144 Ma)

Sandstone, siltstone, shale, conglomerate, argillite, and
graywacke.

Cretaceous and Jurassic (208 Ma to 66.4 Ma)

Argillite, shale, graywacke, quartzite, conglomerate, fuff,
agglomerate.

Cretaceous (144 Ma to 66.4 Ma)
Graywacke, sandstone, shale, siltstone, and conglomerate.
Tertiary (66.4 Ma to 1.6 Ma)

Sandstone, siltstone, conglomerate, argillite, graywacke,
volcanic breccia, shale, claystone, and coal.

Quaternary (younger than 1.6 Ma)

Alluvial, glacial, lacustrian, eolian, beach, and volcanic
sediments.

Igneous and metamorphic rocks
Unknown age
Ultramafic rocks.
Precambrian (older than 570 Ma)
Undifferentiated volcanic rocks.
Precambrian and/or Paleczoic (older than 245 Ma)
Undifferentiated intrusive rocks.
Permian (286 Ma to 245 Ma)

Gabbroic intrusive rocks.
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Cretaceous (144 Ma to 66.4 Ma)

Granitic to dioritic and possibly gabbroic intrusive rocks and

trachytic to andesitic, and possibly rhyolitic to basaltic
volcanic rocks.

Tertiary (66.4 Ma to 1.6 Ma)
Undifferentiated intrusive and volcanic rocks.
Quaternary (younger than 1.6 Ma)

Basaltic and possibly rhyolytic to basaltic volcanic rocks.

Aleutian Islands Unit
Sedimentary and metasedimentary rocks
Tertiary (66.4 Ma to 1.6 Ma)

Sandstone, siltstone, and shale of volcanic origin interbedded

with mafic flows, dikes, and sills, and conglomerate, argillite,
and graywacke.

Quaternary (younger than 1.6 Ma)

Alluvial, glacial, lacustrian, eolian, beach, and volcanic
sediments.

Igneous and metamorphosed igneous rocks
Tertiary (66.4 Ma to 1.6 Ma)

Trachytic to basaltic and some undifferentiated volcanic
rocks and granitic through gabbroic intrusive rocks.

Quaternary (younger than 1.6 Ma)
Rhyolitic to basaltic volcanic rocks
Alaska Peninsula Unit
Sedimentary and metasedimentary rocks
Triassic (245 Ma to 208 Ma)
Limestone, shale, and chert.
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Jurassic (208 Ma to 144 Ma)

Sandstone, siltstone, shale, conglomerate, and argillite.
Jurassic to Cretaceous (208 Ma to 66.4 Ma)

Marine sandstone, arkose, siltstone, and limestone.
Cretaceous (144 Ma to 66.4 Ma)

Nonmarine and marine clastic rocks, siltstone, and shale.
Tertiary (66.4 Ma to 1.6 Ma)

Sandstone, siltstone, conglomerate, volcanic breccia, and shale.
Quaternary (younger than 1.6 Ma)

Alluvial, glacial, lacustrian, eolian, beach, and volcanic
sediments.

Igneous and metamorphosed igneous rocks
Tertiary (66.4 Ma to 1.6 Ma)

Undifferentiated volcanic and granitic to dioritic intrusive
rocks.

Quaternary (younger than 1.6 Ma)

Undifferentiated volcanic rocks.
Gulf of Alaska Unit
Sedimentary and metasedimentary rocks

Precambrian and/or Paleozoic (older than 245 Ma)
Volcanic greenschist and marble.

Ordovician (505 Ma to 438 Ma)
Argillite, chert, and limestone.

Ordovician and Silurian (505 Ma to 408 Ma)
Graywack;, conglomerate, shale, siltstone, tuff, and limestone.

19



Silurian (438 Ma to 408 Ma)

Graywacke, shale, siltstone, limestone, sandstone, argillite,
mudstone, and conglomerate.

Silurian and Devonian (438 Ma to 360 Ma)
Limestone, dolomite, marble, and shale.
Devonian (408 Ma to 360 Ma)

Limestone, phyllite, schist, marble, shale, graywacke,>
conglomerate, and amphibolite.

Triassic (245 Ma to 208 Ma)
Limestone, shale, chert, tuff, tuffaceous conglomerate and
breccia, pillow basalts, graywacke, argillite, sandstone, and
greenstone.

Jurassic and Cretaceous (208 Ma to 66.4 Ma)
Graywacke, slate, argillite, conglomerate, volcaniclastic
sediments, sandstone, siltstone, limestone, greenstone, chert,
and greenschist.

Cretaceous (144 Ma to 66.4 Ma)
Sandstone, siltstone, shale, and limestone.

Tertiary (66.4 Ma to 1.6 Ma)
Conglomerate, sandstone, volcanic breccia, shale, siltstone,
argillite, graywacke, carbonaceous shale, mudstone, claystone,
and coal.

Quaternary (younger than 1.6 Ma)

Alluvial, glacial, lacustrian, eolian, beach, and volcanic
sediments.

Igneous and metamorphosed igneous rocks
Unknown age

Ultramafic rocks.
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Jurassic (208 Ma to 144 Ma)
Syenitic to gabbroic intrusive rocks.
Jurassic to Cretaceous (208 Ma to 66.4 Ma)
Basaltic volcanic and syenitic to dioritic intrusive rocks.
Cretaceous to Tertiary (144 Ma to 1.2 Ma)
Granitic to dioritic intrusive rocks.
Tertiary (66.4 Ma to 1.6 Ma)
Basaltic volcanic and granitic to dioritic intrusive rocks.
Tertiary to Quaternary (younger than 66.4 Ma)
Undifferentiated volcanic rocks.
Quaternary (younger than 1.6 Ma)
Undifferentiated volcanic rocks.
Tectonics
Alaska has numerous tectonostratigraphic terranes which make for an
extremely complex tectonic history. Jones et al., (1983) define
tectonostratigraphic terranes as "fault-bounded geologic entities of regional
extent, each characterized by a geologic history that is different from the
histories of contiguous terranes." Earth scientists generally understand that
tectonostratigraphic terranes were often formed in locations other than that
in which they now occur. Jones et al., (1987) and Monger and Berg (1987)
recognize fifty-five terranmes in Alaska. The Alaska Maritime NWR does not
contain all of these terranes, as many of them are located in the interior.
The following discussion of the terranes present in each unit of the refuge

was compiled from Jones et al.,(1987) and Monger and Berg (1987).

Chukchi Sea Unit

Large areas of the Chukchi Sea Unit are covered by Upper Cretaceous (97.5
Ma to 66.4 Ma) and Tertiary or Quaternary (younger than 66.4 Ma) sediments
and/or volcanic rocks. These prevent determination of the underlying
terrane(s).

Arctic Alaska terrane
DeLong Mountains subterrane - Complex stratigraphic assemblage
characterized by thick Devonian and Mississippian (408 Ma to

320 Ma) carbonates and younger sequences of chert and argillite.
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Endicott Mountains subterrane - Stratified sequence of Devonian
(408 Ma to 360 Ma) clastic rocks, Mississippian (360 Ma to
320 Ma) shale and carbonate rocks, and younger Paleozoic and
lower Mesozoic (320 Ma to 208? Ma) chert, argillite, and
calcareous rocks.

Hammond subterrane - Structurally complex and polymetamorphosed
assemblage of middle Paleozoic and older (older than 360? Ma)
carbonate rocks, calc-schist, quartz-mica schist, quartzite, and
metarhyolite; intruded by Late Devonian (374 Ma to 360 Ma)
gneissic granitic rocks. Precambrian (older than 570 Ma)
basement rocks may be present locally. ‘

North Slope subterrane - Precambrian to lower Paleozoic (older than
438? Ma) basement rocks overlain by Kekiktuk Conglomerate
(Mississippian - 360 Ma to 320 Ma ), Lisburne Group
(Mississippian and Pennsylvanian - 360 Ma to 286 Ma ),
Sadlerochit Group (Permian and Triassic - 286 Ma to 208 Ma) and
younger Mesozoic (208 Ma to 66.4 Ma) strata.

Angayucham terrane - Structurally and stratigraphically complex
assemblege of oceanic rocks, including gabbro, diabase, pillow
basalt, tuff, chert, graywacke, argillite, and minor limestone;
sedimentary rocks range in age from Mississippian to Jurassic
(360 Ma to 144 Ma). Major periods of basaltic volcanism appear
to be late Carboniferous (320 Ma to 286 Ma) and Late Triassic
(230 Ma to 208 Ma), although many volcanic sequences are not
well dated. Separate thrust sheets of plutonic ultramafic rocks
are found throughout the terrane, but none of these can yet be
genetically linked to the basaltic rocks. The Angayucham terrane
structurally overlies the Ruby terrane to the south and the
Arctic Alaska terrane to the north.

Koyukuk terrane - Andesitic flows, tuffs, breccias, agglomerates,
conglomerates, tuffaceous graywacke, and mudstone; local
intercalations of shelly limestone contain Early Cretaceous
(144 Ma to 97.5 Ma) fossils.

Seward terrane - Regionally metamorphosed, structurally complex
assemblage of mica schist, micaceous calc-schist, metavolcanics
(some containing glaucophane), marble, and high-grade gneissic
rocks. Rocks of probable Precambrian (older than 570 Ma) and
known Devonian (408 Ma to 360 Ma) age are present but
protolithic and metamorphic ages of most rocks are uncertain.
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Bering Sea Unit

Large areas of the Bering Sea Unit are covered by Upper Cretaceous
(97.5 Ma to 66.4 Ma) and Tertiary or Quaternary sediments (younger than
66.4 Ma) and/or volcanic rocks. These prevent determination of the underlying

terrane(s).

Arctic Alaska terrane

DeLong Mountains subterrane - Complex stratigraphic assemblege

characterized by thick Devonian and Mississippian (408 Ma to
320 Ma) carbonates and younger sequences of chert and argillite.

Kilbuck terrane - Gneiss and schist exposed in the Kanektok River

region, including biotite-hornblende gneiss, garnet amphibolite,
quartz-mica schist, and marble. Metamorphism occurred during
the Precambrian (more than 570 Ma).

Peninsular terrane - Permian (286 Ma to 245 Ma) limestone; Upper

Triassic (230 Ma to 208 Ma) limestone, argillite, basalt, and
tuff; Lower Jurassic (208 Ma to 187 Ma) andesitic flows,
breccias, and volcaniclastic siltstone and sandstone; Middle
Jurassic to Cretaceous (187 Ma to 66.4 Ma) fossiliferous clastic
rocks and minor bioclastic limestone; and Jurassic (208 Ma to
144 Ma) batholithic granitic rocks.

Seward terrane - Regionally metamorphosed, structurally complex

assemblage of mica schist, micaceous calc-schist, metavolcanics
(some containing glaucophane), marble, and high-grade gneissic
rocks. Rocks of probable Precambrian (oclder than 570 Ma) and
known Devonian (408 Ma to 360 Ma) age are present, but
protolithic and metamorphic ages of most rocks are uncertain.

Togiak terrane - Structurally complex, thick assemblage of Jurassic

York

and Lower Cretaceous (208 Ma to 97.5 Ma) volcanic and
volcaniclastic rocks, including pillowed flows, tuffs, breccias,
conglomerate, graywacke, chert, and minor shelly argillaceous
limestone of Early Cretaceous (144 Ma to 97.5 Ma) age.

terrane - Weakly metamorphosed, structurally complex assemblage
of Precambrian(?) to lower Paleozoic (younger than 3607 Ma)
fine-grained clastic rocks, argillaceous limestone, and
fossiliferous limestone of Ordovician and Silurian (505 Ma to
408 Ma) ages. Younger strata are estimated to be as much as
3,000 meters thick and may include rocks of late Precambrian
(2,500 Ma to 570 Ma), Cambrian (570 Ma to 505 Ma), and Devonian
(408 Ma to 360 Ma) ages.
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Aleutian Islands Unit

The Aleutian Islands Unit is composed almost entirely of Tertiary and
Quaternary (younger than 66.4 Ma) volcanic and volcaniclastic rocks. That
portion of Unimak Island that is possibly not of volcanic origin is covered by
Quaternary (younger than 1.6 Ma) sediments which makes it impossible to
determine which, if any, terrane underlies that area.

Alaska Peninsula Unit

Tertiary and Quaternary (younger than 66.4 Ma) sediments and/or volcanic
rock cover portionsl of the Alaskan Peninsula unit. These prevent
determination of the underlying terrane(s).

Peninsular terrane - Permian (286 Ma to 245 Ma) limestone; Upper Triassic
(230 Ma to 208 Ma) limestone, argillite, basalt, and tuff; Lower
Jurassic (208 Ma to 187 Ma) andesitic flows, breccias, and
volcaniclastic siltstone and sandstone; Middle Jurassic to
Cretaceous (187 Ma to 66.4 Ma) fossiliferous clastic rocks and
minor bioclastic limestone; and Jurassic (208 Ma to 144 Ma)
batholithic granitic rocks.

Gulf of Alaska Unit

Tertiary and Quaternary (younger than 66.4 Ma) sediments and/or volcanic
rock cover portions of the Gulf of Alaska unit. These prevent determination
of the underlying terrane(s).

Alexander terrane

Craig subterrane - Pre-Ordovician (older than 505 Ma) metamorphic
complex and Ordovician to Triassic (505 Ma to 208 Ma) mafic to
felsic volcanic rocks and terriginous clastic and carbonate
rocks.

Chugach terrane - Complexly folded and weakly metamorphosed Upper
Cretaceous (97.5 Ma to 66.4 Ma) graywacke and slate, locally
interleaved with disrupted assemblages of Jurassic and
Cretaceous (208 Ma to 66.4 Ma) radiolarian chert, gabbro,
ultramafic rocks, pillow basalt, and tuff, as well as rare
blocks, of limestone, diorite, and other exotic lithologic types.

Ghost Rocks terrane - Strongly deformed and locally chaotically
jumbled, assemblage of pillow lava, pillow breccia, and tuff of
andesitic to basaltic va of Paleocene (66.4 Ma to 57.8 Ma) age;
intruded by sparse plutons of quartz diorite to tonalite
composition with ages of about 62 Ma.
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Kachemak terrane - Small sliver of pillow basalt, chert, and minor
limestone structurally wedged between the Peninsular terrane and
the Chugach terrane. Radiolarian cherts are Triassic (245 Ma to
208 Ma) in age.

Peninsular terrane - Permian (286 Ma to 245 Ma) limestone; Upper
Triassic (230 Ma to 208 Ma) limestone, argillite, basalt, and
tuff; Lower Jurassic (208 Ma to 187 Ma) andesitic flows,
breccias, and volcaniclastic siltstone and sandstone; Middle
Jurassic to Cretaceous (187 Ma to 66.4 Ma) fossiliferous clastic
rocks and minor bioclastic limestone; and Jurassic (208 Ma to
144 Ma) batholithic granitic rocks.

Prince William terrane - Strongly deformed thick assemblage of
graywacke, argillite, minor conglomerate, pillow basalt,
basaltic tuff, sills, and dikes. Contains rare fossils of
Paleocene and Eocene (66.4 Ma to 36.6 Ma) age and is intruded by
plutons of gabbro, tonalite, and granodiorite of early middle
Eocene (52 Ma to 43.6 Ma) age.

Wrangellia terrane - Stratigraphic assemblage of basal upper
Paleozoic (3607 Ma to 245 Ma) arc-related, volcanic breccias,
flows, and volcaniclastic rocks, overlain by nonvolcanic Permian
(286 Ma to 245 Ma) limestone, pelitic rocks, and chert.

Triassic (245 Ma to 208 Ma) rocks commence with blank cherty
argillite, overlain by thousands of meters of subaerial to
pillowed basalt. Above this are platformal and basinal Upper
Triassic (230 Ma to 208 Ma) limestones that grade upward into
basinal, spiculitic, argillaceous and calcareous rocks.
Succeeding Jurassic and Cretaceous (208 Ma to 66.4 Ma) rocks are
predominantly clastic.

Yakutat terrane - Upper Mesozoic (1447 Ma to 66.4 Ma) graywacke and
shale, containing structurally interleaved lenses of disrupted
_chert, argillite, and volcanic rocks. Includes a basalt and a
shale rich in organic matter, both of Eocene (57.8 Ma to
36.6 Ma) age. :

DESCRIPTION OF KNOWN OIL AND GAS RESOURCES
Arctic North Slope

There are fourteen known oil or oil and gas fields and nine known gas
fields on the Arctic North Slope of Alaska. Prudhoe Bay, Kuparuk River,
Lisburne, and Endicott fields are the only producing oil fields on the North
Slope (February, 1988). Umiat, East Barrow, Simpson, Fish Creek, Colville
Delta, Milne Point, Gwydyr Bay, Point Thomson, West Sak, and Ugnu fields are
either too small to be economic, currently shut-in, or not fully explored.
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Kavik, Kemik, Gubik, East Umiat, Wolf Creek, Square Lake, Meade, and Walakpa
gas fields are not being produced and are not now, and may never be,

economic. Barrow gas field provides gas for local consumption in the town of
Barrow.

Cook Inlet Basin

There are seven oil or oil and gas fields in the Cook Inlet Basin. Beaver
Creek, Granite Point, McArthur River, Middle Ground Shoal, Swanson River, and
Trading Bay fields produce oil, Beaver Creek, McArthur River, Middle Ground

Shoal, and Trading Bay also produce gas. Redoubt Shoal field has been shut-in
since discovery.

There are seventeen gas fields in the Cook Inlet Basin. Cannery Loop,
Kenai, North Cook Inlet, Beluga River, and Lewis River are gas fields that are
in production. Birch Hill, Falls Creek, West Fork, North Middle Ground Shoal,
Ivan River, Moquawkie, Nicolai Creek, Stump Lake, West Foreland, Albert Kaloa,
North Fork, and Theodore River gas fields are not in production.

Gulf of Alaska Tertiary Province

The first successful oil well in Alaska was drilled near Katalla in 1902.
The Katalla field produced about 150,000 barrels of oil before abandonment
during the early 1930s (Cobb, 1973).

POTENTIAL FOR OIL AND GAS OCCURRENCE

The classification system for the potential of oil and gas occurrence is
based on BLM's mineral potential classification system (Appendix B). This
system consists of two parts, an occurrence potential and a level of
confidence, expressed as L1/L2, where L1 is a letter representing the
occurrence potential and L2 is a letter representing the level of confidence.
"o", "L", '"M", and "H" are the letters representing occurrence potentials of
NO, LOW, MODERATE, and HIGH, respectively, while "A', "B", "C'", and '"D" are
the letters representing increasing levels of confidence, with "A" indicating
the least confidence and "D" representing the most confidence.

The discussion of the 0il and gas (hydrocarbon) occurrence potential of
the Alaska Maritime NWR is broken into smaller geographically and/or
geologically related areas. The discussion of each area's geology and
geochemistry is referenced to another refuge's oil and gas assessment or
actually discussed with enough detail to explain the occurrence potential of
the area.
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Chukchi Sea Unit

Northern Chukchi Sea Unit Boundary to Omalik Lagoon

Alaska Maritime NWR between the northern Chukchi Sea Unit boundary and
Omalik Lagoon is part of the Arctic Coastal Plain. All of the refuge north of
Icy Cape is immediately adjacent to the National Petroleum Reserve in Alaska
(NPRA). This area includes the Seahorse Islands, Point Franklin, islets in
west Peard Bay, and Icy Cape.

Geology

The geology of this area is the same as that of western NPRA.

Stratigraphy —- Sedimentary Rocks

The rocks of this area of Alaska Maritime NWR are divided into three
major sequences: the Franklinian, the Ellesmerian, and the Brookian. The
rocks of the Franklinian sequence are the oldest, greater than 408 million
years old (Ma); and the rocks of the Brookian sequence are the youngest,

less than 119 Ma. Figures 14 and 15 show the generalized stratigraphy of
this area.

Franklinian Sequence - Pre-Devonian

Pre-Devonian, complexly deformed, low- to medium-rank metamorphosed
sedimentary rocks, such as slate and quartzite with minor amounts of
anthracite coal comprise the Franklinian sequence rocks. Abundant calcite
and quartz fracture fillings occur in some localities.

The Katakturok Formation, the Nanook Formation, and the Neruokpuk
Formation form the Franklinian sequence.

Ellesmerian Sequence

The Ellesmerian sequence rocks range in age from 380 Ma to about
119 Ma. They include a variety of marine to fluvial sediments derived
from a northerly source.

Upper Devonian to Lower Mississippian

Up to 1,000 feet of Endicott Group sandstone, conglomerate, shale,
and minor limestone and coal unconformably overlie the Franklinian
sequence rocks. The Endicott Group rocks range in age from 380 Ma to
333 Ma. All clastic rocks under the overlying Lisburne carbonates are
generally assumed to be within the Endicott Group.
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Upper Mississippian to Lower Permian

The carbonate rocks of the Lisburne Group unconformably overlie the
Endicott Group. The Lisburne Group, rocks up to 3,900 feet thick in NPRA,
range in age from 333 Ma to 258 Ma. This group is divided into two
formations and one '"zone." The Alapah Limestone is the older formation
and is comprised of shallow-marine, thinly-bedded, shaley, dolomitic
limestones. The upper portions of the Alapah are true dolomites. The
Wahoo Limestone disconformably overlies the Alapah Limestone. The Wahoo
comprises shallow-marine, massive limestone, and may be slightly dolomitic
in the lower portions. The "transition zone" disconformably overlies the
Wahoo Limestone, where it exists. The term "transition zone" has been
applied to a mixture of clastic rocks and limestone that underlie the
basal unconformity of the Sadlerochit Group in some areas.

Interbedded shallow-marine shale and limestone compose the Lisburne
"transition zome." Limestone predominates in the basal portions and shale
in the upper portion.

Upper Permian to Triassic

The Sadlerochit Group, 258 Ma to 240 Ma, unconformably overlies the
Lisburne Group. The Sadlerochit Group, up to 700 feet thick, contains the
Echooka and Ivishak formations. Glauconitic, fine-grained marine
sandstone and marine shales with minor basal limestone compose the Echooka
Formation. The fluvial and shallow marine sandstone, siltstone, and minor
conglomerate of the Ivishak Formation disconformably overlies the Echooka
Formation.

Triassic

The Shublik Formation conformably overlies the Sadlerochit Group.

The Shublik Formation has an age of 240 Ma to 208 Ma, and is up to 600
feet thick in NPRA. Calcareous marine siltstone and shale compose the
Shublik Formation except near the present day coastline between Barrow and
Prudhoe Bay, where it contains abundant coquina (Bruyenzeel et al., 1982).

Jurassic

The Sag River Sandstone conformably overlies the Shublik Formation.
A 208 Ma to 187 Ma very fine- to fine-grained marine sandstone forms the
Sag River Sandstone.

The Kingak Shale, 187 Ma to 144 Ma, unconformably overlies the Sag
River Sandstone. Dark gray marine shale with occasional interbeds of
sandstone and siltstone predominates the Kingak Shale. It has a maximum
thickness of 2,900 feet in NPRA.
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Cretaceous

The "Pebble shale" unconformably overlies the Kingak Shale. This
unconformity is an excellent marker horizon in seismic work throughout the
entire North Slope. A relatively thin (up to 700 feet), widespread
sequence of highly organic, deep water marine shale with a fairly
extensive basal sandstone forms the "Pebble shale." The shale portions
contain rare to common "floating," well rounded, frosted quartz grains and
chert pebbles, hence the name. The basal sand of the "Pebble shale'" has
been called a Kuparuk Sandstone equivalent by some workers (Brockway,
1983, and Legg, 1983a) and a Walakpa Sandstone equivalent by others
(Patterson et al., 1982, and Bruyenzeel et al., 1982).

Brookian Sequence

The Brookian sequence rocks range in age from 119 Ma to the present.
They include a sequence of marine, fluvial, lacustrine, eolian, and
glacial sedimentary rocks with some volcanic ash components. The Brookian
sequence rocks have a southern source.

Cretaceous

The Torok Formation unconformably overlies the '"Pebble shale,'" and is
between 119 Ma and 97 Ma. Massive thicknesses (up to 8,100 feet) of
prodelta shale and siltstone with some sandstone in the basal portions
compose the Torok Formation.

The Nanushuk Group conformably overlies and is coeval (deposited at
the same time in different areas) with the Torok Formation. Up to 3,300
feet of intertonguing shallow-marine sandstones and neritic (marine
sediment deposited in less than 600 feet of water) shale and siltstone
deposited in a passive margin delta environment compose the 100 Ma to
93 Ma Nanushuk Group. Nommarine shale, fluvial sandstone, and coal
compose most of the upper portion of the Nanushuk Group.

The Colville Group is absent in western NPRA.

Tertiary

The Sagavanirktok Formation is absent in western NPRA.

Quaternary

The Gubik Formation ranges in age from 2 Ma to about 10,000 years old
and unconformably overlies the Colville Group. The Gubik Formation has a
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thickness of up to 200 feet and may be locally absent. The Gubik is
comprised primarily of clay, silt, and sand with minor gravel, and is ice
rich.

A series of thaw lake deposits and undifferentiated fluvio-lacustrine
(stream-lake) deposits with some minor marine sand, silt, and clay
deposits overlies the Gubik Formation. All of the material overlying the
Gubik Formation is less than 10,000 years old.

Stratigraphy —- Crystalline Rocks

Little is known about the crystalline rocks that underlie the
Franklinian sequence in this area.

Geochemistry

Banet (1983) in his study of the Tunalik No. 1 well (Sec. 20,
T. 10 N., R. 36 W., Umiat Meridian, approximately 20 miles southeast of
Icy Cape) states that the Nanushuk Group and the Torok Formation are rich
in gas prone organic material, and that the "Pebble shale" contains oil
prone organic material, but that it is too deeply buried to produce oil
and would produce gas instead. The data presented by Claypool and Magoon
(1980) about the Kugrua No. 1 well (Sec. 8, T. 14 N., R. 26 W., Umiat
Meridian, 23 miles south of Point Franklin) indicates that the "Pebble
shale" may not be too deeply buried to generate oil.

Hydrocarbon Occurrence Potential

This area of Alaska Maritime NWR has a high hydrocarbon occurrence
potential, a BLM mineral potential classification of H/C (figures 16 and
17). This classification is based on the geochemical investigations of
the rocks 'in the area that indicate hydrocarbon generation is possible,
and the gas shows in all three wells in NPRA closest to this area (Tunalik
No. 1, Kugrua No. 1, and the Peard No. 1, Sec. 25, T. 16 N., R. 28 W.,
Umiat Meridian, about 15 miles south-southwest of Point Franklin).

Omalik Lagoon to Tasaychek Lagoon

The area of Alaska Maritime NWR between the Omalik Lagoon and
Tasaychek Lagoon is part of the Arctic Foothills of the Brooks Range, and
has geology similar to that of the National Petroleum Reserve in Alaska
(NPRA). This area includes Ann Stevens/Cape Lisburne, Cape Thompson, and
the barrier islands for Stepping Lagoon, Tasikpak Lagoon, Pusaluk Lagoon,
Tugik Lagoon, and Kavrorak Lagoon.
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Geology

Stratigraphy -- Sedimentary Rocks

Many of the rock units in the Seahorse Islands to Omalik Lagoon
portion of the refuge are also present in the section of the refuge
extending from Omalik Lagoon to Tasaychek Lagoon. Figure 18 is a
stratigraphic column for the Lisburne peninsula, and figure 19 is a cross
section from near Tusikpak Lake on the Lisburne Peninsula to Selawik Lake.

Pre-Ordovician

Pre-Ordovician (greater than 505 Ma) rocks are not exposed in this
area, and it is uncertain what underlies the exposed Ordovician rocks.

Ordovician to Silurian

The Ordovician to Silurian (505 Ma to 408 Ma) rocks exposed on Cape
Lisburne are unnamed. Graywacke, mudstone, and calcareous shale compose these
rocks.

Upper Devonian

The "Pebbly sandstone” unconformably overlies the unnamed Ordovician
and Silurian rocks. This unit is approximately 374 Ma to 360 Ma.

Upper Devonian to Lower Mississippian

The Endicott Group conformably overlies the '"Pebbly sandstone,' and
is from 374 Ma to 333 Ma. On the Lisburne Peninsula the Endicott Group
comprises quartzite, shale, and minor coal. The upper portions of the
Endicott Group contains some limestome.

Upper Mississippian to Lower Pennsylvanian

On the Lisburne Peninsula the Lisburne Group consists of the Nasorak
Formation, the Kogruk(?) Formation, the Tupik Formation and the Kuna
Formation, oldest to youngest. The Lisburne Group is from 333 Ma to
315(?) Ma. The Nasorak Formation comprises limestone interbedded with
shaley limestone or calcareous shale. The Kogruk(?) Formation comprises
dolomite and limestone with chert nodules. The Tupik Formation contains
interbedded chert and limestone. The Kuna Formation is a black,
carbonaceous shale.

Upper Pennsylvanian to Lower Jurassic

The Etivluk Group overlies the Lisburne Group, and is from 315(?) Ma
to 187 Ma. The Siksikpuk Formation and the Otuk Formation compose the
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Etivluk Group. The Siksikpuk Formation consists of chert and shale, and
is Upper Pennsylvanian to Permian in age (315(?) Ma to 245 Ma). The
Triassic to Lower Jurassic (245 Ma to 187 Ma) Otuk Formation comprises
claystone, shale, limestone, and chert.

Middle Jurassic to Lower Cretaceous

The Kisimlok Formation, Telavirak Formation, and the Ogotoruk
Formation are from Middle Jurassic to Lower Cretaceous (187 Ma to 98 Ma)
in age. They comprise silty mudstone, and graywacke, and unconformably
overlie the Etivluk Group. Mayfield et al. (1983) do not list the
respective ages of these formatioms.

Upper Cretaceous to Quaternary
The Torok Formation, the Nanushuk Group, the Gubik Formation, and the
more recent unnamed sediments, very much as described in the Seahorse

Islands to Omalik Lagoon section, are present in this area.

Stratigraphy -- Crystalline Rocks

There is very little knowledge of the crystalline rocks near the
coast in this area of the refuge.

Geochemistry

Although there is no direct information on the geochemistry of this
area, it should be similar to that of the area from the Seahorse Islands to
Omalik Lagoon.

Hydrocarbon Occurrence Potential

This area has a high hydrocarbon occurrence potential, a BLM mineral
potential classification of H/C (figures 20 and 21). This classification is
based on the good source potential of the rocks in the previous area that are
also present in this area, and the probability that they have a similar
geochemistry in this area.

Tasaychek Lagoon to Kiwalik Lagoon

The Alaska Maritime NWR between Tasaychek Lagoon and Kiwalik Lagoon
is in the Kobuk-Selawik lowland. The geology of the area is the same as
that discussed in the Selawik NWR 0il and Gas Assessment (Teseneer et al.,
1988). This area includes Puffin Island, Chamiso Island, the Sinnachiak
Peninsula, and the islands in Ekichuk Lake.
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Geology

For a detailed description of geology in this area see the Selawik NWR 0il
and Gas Assessment (Teseneer et al., 1988).

Geochemistry

For a detailed description of geochemistry in this area, see the Selawik
NWR Oil and Gas Assessment (Teseneer et al., 1988).

Hydrocarbon Occurrence Potential

Puffin Island and Chamiso Island have a moderate hydrocarbon occurrence
potential, a BLM mineral potential classification of M/C (figure 22). This
classification is based on the sediments in this area that may provide a
source and reservoir for hydrocarbon accumulation, the presence of gas on the
Baldwin Peninsula, and the gas prone kerogens present in the sediments of the
Selawik Basin. Both of these islands are within Selawik Basin.

The Ekichuk Lake islands have a low hydrocarbon occurrence potential, a
BLM mineral potential classification of L/A (figure 22) . This classification
is based on the probable existence at shallow depths of Paleozoic metamorphic
rocks.

The Sinnachiak Peninsula has a low hydrocarbon occurrence potential, a BLM
mineral potential classification of L/A (figure 22). This classification is
based on the predominantly igneous and metamorphic nature of the rocks in this
area. If this area is underlain by oceanic crust (as discussed in the Selawik
NWR 0il and Gas Assessment) it would probably have no hydrocarbon occurrence
potential. Although most evidence supports this theory, there is some
evidence to the contrary, and if the area is underlain by continental crust,
there would be a small chance of an accumulation of hydrocarbons.

Kiwalik Lagoon to the Southern Chukchi Sea Unit Boundary

This portion of the refuge lies entirely on the Seward Peninsula, and
includes the Lopp Lagoon barrier islands. The following discussions will
apply only to the area of Lopp Lagoon, rather than the entire Seward Peninsula.
Geology

Stratigraphy —-- Sedimentary Rocks

Precambrian

The Precambrian rocks of the Lopp Lagoon area are probably all Upper
Precambrian (2,500 Ma to 50 Ma) in age. They consist of thin-bedded
rhythmically interbedded dolomitic limestone and argillaceous limestone,
and slightly to moderately metamorphosed graphitic siltstone, slate,
graywacke, and calcareous siltstone.
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Lower Ordovician

The Lower Ordovician (505 Ma to 478 Ma) rocks of this area are
thin-bedded argillaceous and silty limestone and dolomitic limestone,
carbonaceous limestone, and subordinate massive micritic limestone which
locally contains chert. A massive to thick-bedded limestone containing
interbeds of argillaceous limestone, and sparse chert nodules in
thick-bedded limestones overlie this unit.

Middle Ordovician

The Middle Ordovician (478 Ma to 458 Ma) rocks of this area
comprise thin- to medium-bedded limestome with local chert nodules and a
basal fissile black shale with minor interbedded limestone.

Mississippian

The Mississippian (360 Ma to 320 Ma) rocks of the Lopp Lagoon area
comprise intensely deformed limestone and marble with interbeds of
siliceous shale and local chert. Jones et al. (1987), equate these rocks
to the Lisburne Group of northern Alaska.

Quaternary

The Quaternary sediments of this area are divided into two groups by
relative age. The older, Pleistocene (1.6 Ma to 10,000 years old),
sediments comprise terrace gravels, morainal deposits, loess, and
fine-grained alluvium near streams and over coastal terraces. The
younger, Holocene (10,000 years old or younger), sediments are tundra
deposits and beach deposits on spits, bars, and in lagoons. The barrier
islands for Lopp Lagoon comprise beach deposits.

Stratigraphy -- Crystalline Rocks

Precambrian

Coarse-grained gabbro and diabase compose the exposed Precambrian
(greater than 570 Ma) crystalline rocks in this area.

Cretaceous

A medium- to coarse—grained biotite granite of Cretaceous age (144 Ma
to 66 Ma) and small areal extent outcrops to the south of Lopp Lagoon.

Cretaceous to Tertiary
A series of dikes of Cretaceous to Tertiary age (144 Ma to 24 Ma)
intrude Ordovician and older rocks of the area. The compositions of the

dikes range from rhyolitic, to granitic, to diabasic, to lampyophyric.
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Geochemistry
There is no petroleum geochemistry data available for this area.

Larson and Olsen (1984) indicate that gas prone source rocks occur in
Kotzebue Sound north of this area, and Turner et al., (1986) indicate that
both 0il and gas prone source rocks occur in Norton Sound south of this area.
Source rocks for hydrocarbons probably exist offshore from Lopp Lagoon.

Hydrocarbon Occurrence Potential

The barrier islands for Lopp Lagoon have a low hydrocarbon occurrence
potential, a BLM mineral potential classification of L/A (figure 23). This
classification is based on the probability that the barrier islands are
underlain by the igneous and metamorphic rocks exposed on the Seward
Peninsula, modified by the possibility of offshore sediments extending
landward of the present position of the barrier islands as stated by Sainsbury
(1972).

Bering Sea Unit

Northern Bering Sea Unit Boundary to the Koyuk River

The portion of the Alaska Maritime NWR between the northern boundary of
the Bering Sea Unit and the Koyuk River is part of the Seward
tectonostratigraphic terrane. This area includes Sledge Island, Safety Sound
barrier island, Topkok Head, Bluff, and Cape Darby.

Geology

Stratigraphy -- Sedimentary Rocks

Precambrian

Precambrian (570 Ma or older) age rocks between the northern Bering
Sea Unit boundary and the Koyuk River include biotite-feldspar-quartz
gneiss, marble, argillaceous limestone and dolomitic limestone,
calc-schist, meta-graywacke, meta-siltstone, slate, phyllite, and
phyllitic schist,

Paleozoic
Rocks of Paleozoic age (570 Ma to 245 Ma) in this area consist of

calcareous and dolomitic marble with minor limestone, dolomitic limestone,
dolomite, and clastic sedimentary rocks.
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Ordovician to Silurian

Ordovician to Silurian (505 Ma to 408 Ma) age rocks in this area
include limestone, argillaceous limestone, and shale. These rocks may
have a thickness exceeding 10,000 feet (Hudson, 1977).

Mississippian

Limestone, marble, and minor shale compose the Mississippian age
(360 Ma to 320 Ma) rocks in this area.

Pre-Cretaceous

Undifferentiated pre-Cretaceous (greater than 144 Ma) rocks in this
area include predominantly schists and marble.

Cretaceous to Tertiary

In this area, the Cretaceous to Tertiary (144 Ma to 1.6 Ma) rocks are
nonmarine conglomerate, sandstone, siltstone, shale, claystone, and coal.
Impure calcareous rocks are locally present.
Quaternary

Rocks or sedimentary deposits of Quaternary age (less than 1.6 Ma)
are comprised of silt, sand, gravel, glacial drift, tundra deposits, and .

beach related sand and gravel deposits.

Stratigraphy -- Crystalline Rocks

Precambrian

Metamorphosed volcanic rocks with minor metamorphosed mafic intrusive
rocks, and granitic gneiss compose the Precambrian (older than 570 Ma)
crystalline rocks in this area of the Bering Sea Unit. The volcanic rocks
and mafic intrusives are now predominantly greenschist.

Cretaceous

Crystalline rocks of Cretaceous age (144 Ma to 66 Ma) are comprised
of biotite granite, and granodiorite.

Tertiary to Quaternary
Tertiary to Quaternary age (66 Ma to recent) crystalline rocks of the
area consists predominantly of olivine basalt with minor amounts of

breccia, scoria, tuff, and cinder deposits.
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Geochemistry

There is very limited petroleum geochemistry data available for the
onshore portions of this area; however, much work has been done offshore in
the Norton basin.

The geochemistry of the Norton basin and the limited onshore information
tend to indicate that the rocks of the area contain gas prone kerogen which
ranges from immature to mature for Tertiary age rocks and to over mature for
Cretaceous or older rocks.

Hydrocarbon Occurrence Potential

This entire area, except Sledge Island, has a low hydrocarbon occurrence
potential, a BLM mineral potential classification of L/A (figures 24 and 25).
This classification is based on the occurrence of 0il and gas seeps and some
oil shale along the southern coast of the Seward Peninsula, a gas show in a
well drilled near Nome, and the geochemistry of the Norton basin and the
onshore Tertiary rocks (Turner et al., 1986).

Sledge Island has no hydrocarbon occurrence potential, a BLM mineral
potential classification of O/D (figure 24). This classification is based on
the granitic nature of Sledge Island (Hudson, 1977).

Koyuk River to Kinak Bay

All of this part of the Bering Sea Unit is within the Yukon-Koyukuk
tectonostratigraphic terrane (province) and much of the area is adjacent to
the Yukon Delta NWR. The geology of the Yukon-Koyukuk province has been
discussed in the o0il and gas assessments of the Selawik NWR and the Yukon
Delta and Togiak NWR's (Teseneer et al., 1988; Gibson et al., 1988). This
area includes Besboro Island, Egg Island, Whale Island, Beulah Island, Cape
Stephens, and the Sand Islands (Krekatok Island and Neragon Island).

Geology
For a detailed description of geology in this area see the Selawik NWR 0il

and Gas Assessment (Teseneer et al., 1988) and the 0il and Gas Assessment of
the Yukon Delta and Togiak NWR's (Gibson et al., 1988).

Geochemistry

For a detailed description of geochemistry in this area, see the 0il and
Gas Assessment of the Yukon Delta and Togiak NWR's (Gibson et al., 1988).
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Hydrocarbon Occurrence Potential

This area of the Bering Sea Unit has a low hydrocarbon occurrence
potential, a BLM mineral potential classification of L/B (figures 26, 27, and
28). See the 0il and Gas Assessment of the Yukon Delta and Togiak NWR's
(Gibson et al., 1988) for the basis of this classification.

Kinak Bay to Kanektok River

The area of the Alaska Maritime NWR between Kinak Bay and Kanektok River
is in the Bethel basin and is discussed in the 0il and Gas Assessment of the
Yukon Delta and Togiak NWR's (Gibson et al., 1988). This area includes
Kikegtak Island, Pingurbek Island, and Kwigluk Island.

Geology

For a detailed description of geology in this area see the 0il and Gas
Assessment of the Yukon Delta and Togiak NWR's (Gibson et al., 1988).

Geochemistry

For a detailed description of geochemistry in this area, see the 0il and
Gas Assessment of the Yukon Delta and Togiak NWR's (Gibson et al., .1988).

Hydrocarbon Occurrence Potential

This area of the Bering Sea Unit has a moderate hydrocarbon occurrence
potential, a BLM mineral potential classification of M/A (figure 28). See the
0il and Gas Assessment of the Yukon Delta and Togiak NWR's (Gibson et al.,
1988) for the basis of this classification.

Northern Jacksmith Bay to Tvativak Bay

The portion of Alaska Maritime NWR between northern Jacksmith Bay and
Tvativak Bay is underlain by the Togiak, Goodnews, Kilbuk, and Nyac
tectonostratigraphic terranes. This area includes Hagemeister Island.

Geology

For a detailed description of geology in this area, see the 0il and Gas
Assessment of the Yukon Delta and Togiak NWR's (Gibson et al., 1988).

Geochemistry

For a detailed description of geochemistry in this area, see the 0il and
Gas Assessment of the Yukon Delta and Togiak NWR's (Gibson et al., 1988).
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Figure 28. Hydrocarbon occurrence potential in the Bering Sea Unit,
Krekatok Island to Kwigluk Island.

53



Hydrocarbon Occurrence Potential

This area of the Bering Sea Unit has been given no hydrocarbon occurrence
potential, a BLM mineral potential classification of 0/D (figure 29). See the
0il and Gas Assessment of the Yukon Delta and Togiak NWR's (Gibson et al.,
1988) for the basis of this classification.

St. Matthew Island Group

The St. Matthew Island Group lies in the Bering Sea southwest of Norton
Sound and east of the Yukon-Kuskokwim delta. The island group includes Hall
Island, St. Matthew Island, and Pinnacle Island.

Geology

The St. Matthew Island Group lies in the Okhotsk-Chukotsk volcanic belt,
between Norton and Navarin basins (figure 30 and 31). Most of the exposed
rocks on the St. Matthew Island Group are volcanic. A small portion of Hall
Island and a small portion St. Matthew Island were not mapped. There are

apparently no sedimentary rocks on Pinnacle Island (Patton, Miller et al.,
1975).

Stratigraphy -- Sedimentary Rocks

Cretaceous

Cretaceous (144 Ma to 66 Ma) rocks on the St. Matthew Island Group are
comprised of volcanic graywacke and argillite.

Quaternary

Quaternary (1.6 Ma or younger) deposits on the island group are limited to
beach, bar, alluvial and colluvial deposits, that are mostly gravel and sand.

Stratigraphy -- Crystalline Rocks

Cretaceous

Cretaceous (144 Ma to 66 Ma) crystalline rocks on the island group are
comprised of dacitic, andesitic, and rhyolitic tuff breccia and crystal tuff;
dacitic and rhyolitic welded tuff; massive dacite breccia (lahar?); fine
ash-fall tuff; volcanic conglomerate; and andesitic and dacitic porphyritic
and vitrophyritic plugs, dikes, sills, and flows with intercalated andesite
and basalt flows in the upper part.

Cretaceous to Tertiary

Cretaceous to Tertiary (144 Ma to 1.6 Ma) crystalline rocks on St. Matthew
Island are chiefly andesite and basalt flows with some volcaniclastic deposits
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Figure 29. Hydrocarbon occurrence potential in the Bering Sea Unit,
Hagemeister Island.
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3 8 ; Tv: undifferentiated volcanic rocks.
« = E Pt
o g 7 = @ Kv: undifferentiated volcanic rocks.
E 09
S 2
Quaternary | Q | & § KJ: lava, tuff, agglomerate, argillite,
o e shale, graywacke, quartzite, and
S : conglomerate. Slightly
g metamorphosad in places.
§ Tertiary T
KPz: south of 64° N latitude sandstone,
- siltstone, limestone, chert, and
volcaniclastic rocks of Permian
Cretaceous K through Late Cretaceous age.
o Locally includes melange and
) olistostrome sequences. North
8| Jurassic J of 64° N latitude are sandstone,
8 : siltstone, argillite, conglomerate,
12 coal, spilite, and basait.
Triassic i -
Permian P POs: sedimentary rocks of Permian and
[Pennsylvanian| P Mississippian age. Includes some
MissiSSioDi M Ordovician, Silurian, and
Q SSipplan POs Mississippian limestone.
o
5| Devonian D
D
S Silurian S Op€: phyllite, sandstonae, siltstone,
Ordovician | O limestone, chert, and quartzite.
Cambrian €
\\\\\\ Opé€ ' .
Precambrian OQpcg\il p€: undifferentiated metasedimentary
PN and metamorphic rocks.

Figure 31. Explanation and geologic column for figure 30 (from
Turner et al., 1986).
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Lot

of tuff and conglomerate. Medium- to coarse-grained gabbro dikes have
intruded these rocks. On Hall Island the rocks are andesite and basalt flows
intercalated with fine crystal tuff, coarse tuff breccia, and volcanic
conglomerate. Pinnacle Island is comprised of nearly vertical mafic dikes.

Tertiary

Tertiary (66 Ma to 1.6 Ma) crystalline rocks are present on St. Matthew
Island only. They are comprised of granodiorite, rhyolite, and dacitic tuff,
with minor intercalated flows and crosscutting dikes of andesite and basalt.

Geochemistry

There is no petroleum geochemistry data available for the onshore portions
of the St. Matthew Island Group. Offshore geochemical data from the Navarin
basin (Carlson et al., 1985) suggest that the sediments offshore from the
island group may have some hydrocarbon potential.

Hydrocarbon Occurrence Potential

The St. Matthew Island Group have no hydrocarbon occurrence potential, a
BLM mineral potential classification of 0/D (figure 32). This is based on the
fact that all of the rocks on the islands are either igneous in nature or are
sedimentary deposits of closely associated volcanic origin.

- Pribilof Islands

The Pribilof Islands are located in the Bering Sea south-southeast of St.
Matthew Island, and south-southwest of Nunivak Island. The islands include
St. Paul Island, Walrus Island, Otter Island, and St. George Island.

Geology

The Pribilof Islands lie in the southern portion of the Okhotsk-Chukotsk
volcanic belt, with geology similar to that of the St. Matthew Island Group.

Stratigraphy —— Sedimentary Rocks

Unknown age

At least 325 feet of sediments of unknown age and composition occur on
Otter Island (Barth, 1956).

Quaternary

Recently, formed alluvial deposits, mostly sand, and some earlier glacial
deposits, are the only sediments on St. Paul Island. St. George Island has
some sediments that range in composition from clay, to sand, to glacial till.
All sediments on both islands are Quaternary (1.6 Ma or younger) in age.
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Stratigraphy —-- Crystalline Rocks

Unknown age

Peridotite of unknown age occurs on St. George Island. An aplite granite,
also on unknown age, intrudes the peridotite.

Tertiary to Quaternary

Crystalline rocks of Tertiary to Quaternary (66 Ma to recent) age in the
Pribilof Islands comprise basalt flows.

Quaternary

Quaternary (1.6 Ma to recent) age crystalline rocks in the Pribilof
Islands comprise basalt flows and pyroclastic deposits.

Geochemistry

There is no petroleum geochemistry data available for the onshore portions
of the Pribilof Islands. Offshore geochemical data from the St. George basin
(Cooper, Scholl, Vallier, and Scott, 1985) suggest that the sediments offshore
from the island group may have some hydrocarbon potential.

Hydrocarbon Occurrence Potential

The Pribilof Islands have no hydrocarbon occurrence potential, a BLM
mineral potential classification of 0/D (figure 33). This is based on the
fact that all of the rocks on the islands are either igneous in nature or are

sedimentary deposits of closely associated volcanic origin.

Aleutian Islands Unit

Near Islands

The Near Islands-are the westernmost island group in the Aleutian Islands
chain. They include Attu Island, Agattu Island, Alaid Island, Nizki Island,
and Shemya Island.

Geology

Although the Near Islands are part of the Aleutian volcanic island arc,
they have, however, had no Holocene (younger than 10,000 years old) volcanic
activity (Kienle, 1983), but are comprised largely of igneous rocks and
various sediments (Beikman, 1980). Geologic mapping on Attu, Agattu, and
Shemya islands indicate that they are comprised almost entirely of intrusive
and extrusive igneous rocks and sediments from igneous sources (Gates et al.,
1955). Alaid Island and Nizki Island have not been mapped in detail, but
their geology is apparently similar to that of the other three islands
(Beikman, 1980).
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Figure 33. Hydrocarbon occurrence potential in the Bering Sea Unit,
Pribilof Islands.
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Geochemistry

There is no petroleum geochemistry data for the Near Islands. Geochemical
data for the areas offshore the Aleutian Islands are encouraging for offshore
0il development (Cooper, Scholl, Marlow et al., 1979). Scholl et al., (1976)
indicate that summit basins along the Aleutian ridge may be good exploration
targets; however, Stewart (1978) states that the sediments near the Aleutian
Islands may not make adequate reservoirs.

Hydrocarbon Occurrence Potential

The Near Islands have no hydrocarbon occurrence potential, a BLM mineral
potential classification of 0/D (figure 34). This classification is based on
the overwhelmingly igneous nature of the islands.

Rat Islands

The Rat Islands are located in the Aleutian Islands to the east of the
Near Islands. They include Buldir Island, Kiska Island, Sobaka Rock, Little
Kiska Island, Tanadak Island, Segula Island, Khvostof Island, Pyramid Island,
Davidof Island, Rat Island, Little Sitkin Island, Amchitka Island, Bird Rock,
and Semisopochnoi Island.

Geology

Snyder (1955), Nelson (1955), Coats (1955e), Powers et al. (1955), Lewis
et al. (1955), and Coats, et al. (1955) geologically mapped Little Sitkin,
Khvostof, Pyramid, Davidof, Segula, Semisopochnoi, Amchitka, Rat, Kiska, and
Little Kiska islands in some detail This mapping shows that these islands
are predominately volcanic in nature. All sediments on the islands are
derived from volcanic rocks. The geology of the remainder of the islands in
the Rat Islands is similar to that of the mapped islands (Beikman, 1980).

Geochemistry

There is no petroleum geochemistry data for the Rat Islands. Geochemical
data for the areas offshore the Aleutian Islands are encouraging for offshore
0il development (Cooper, Scholl, Marlow et al., 1979). Scholl et al., (1976)
indicate that summit basins along the Aleutian ridge may be good exploration
targets; however, Stewart (1978) states that the sediments near the Aleutian
Islands may not make adequate reservoirs.

Hydrocarbon Occurrence Potential
The Rat Islands have no hydrocarbon occurrence potential, a BLM mineral
potential classification of 0/D (figure 34). This classification is based on

the overwhelmingly igneous nature of the islands.
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Delarof Islands

The Delarof Islands are located in the Aleutian Islands east of the Rat
Islands. This island group includes Amatignak Island, Tanadak Island, Ulak
Island, Unalga Island, Dinkum Rocks, Kavalga Island, Gareloi Island, Ogliuga
Island, Skagul Island, Tag Island, Ilak Island, and Gramp Rock.

Geology

Fraser and Barnett (1955) and Coats (1955d) mapped the geology of Ulak,
Amatiguak, and Gareloi islands. Ulak and Amatiguak islands are comprised
almost entirely of volcanic rock or sediments derived from volcanic rock.
These two islands do contain some minor intrusive rocks. Gareloi Island is
comprised entirely of volcanic rocks. The remainder of the islands in the

group probably have geology similar to that of these three islands (Beikman,
1980).

Geochemistry

There is no petroleum geochemistry data for the Delarof Islands.
Geochemical data for the areas offshore the Aleutian Islands are encouraging
for offshore o0il development (Cooper, Scholl, Marlow et al., 1979). Scholl
et al., (1976) indicate that summit basins along the Aleutian ridge may be
good exploration targets; however, Stewart (1978) states that the sediments
near the Aleutian Islands may not make adequate reservoirs.

Hydrocarbon Occurrence Potential
The Delarof Islands have no hydrocarbon occurrence potential, a BLM
mineral potential classification of 0/D (figure 35). This classification is

based on the overwhelmingly igneous nature of the islands.

Andreanof Islands

The Andreanof Islands are located at approximately the midpoint of the
Aleutian chain. They include Tanaga Island, Kanaga Island, Bobrof Island,
Ringgold Island, Staten Island, Argonne Island, Dora Island, North Island,
South Island, Green Island, Ina Island, Crone Island, E1f Island, Adak Island,
Kagalaska Island, Little Tanaga Island, Chisak Island, Umak Island,: Aziak
Island, Tanaklak Island, Asuksak Island, Kanu Island, Tagadak Island, Great
Sitkin Island, Igitkin Island, Anagaksik Island, Ulak Island, Chugul Island,
Tagalak Island, Ikiginak Island, Oglodak Island, Kasatochi Island, Koniuji
Island, Salt Island, Atka Island, Egg Island, Amila Island, Sagagik Island,
Tanadak Island, Agligadak Island, Sequam Island, and an unnamed island north
of E1f Island.

64



*SpueTS] JouedIpuy pue SPUBIS]T
*GE 2an3Tg

Joae[a( ‘3ITUf} SPUBTSI UBIINSTY 9U3 UL TeIIUS30d 90USIINDDO UOQIBDOIPAH

eI

r v 4

0ol oS o]
- ‘peAwideip J0U Sniele pus) ‘sende
N pue ‘880 ‘8)20J ‘8)0i8) ‘SpuvIs| U0
tpUR) 211QNd B810YSJ$O BOPNIOU; 8BNjo 1
uotieaoy duyy InoeIq U) UMOYS woiu oBnjoy 9ION

N
2/1410Vvd

NV3IOO

(0/0) ip1jusyod ou aaoy dow siyj uo spup| abnjas v

NV 3 ¥ g

v

| 4 0
S
s a N v ! IANHV VI E
¢ wvstuo "t TINIL 2Lk V VIdV 43S
t NSINYOVNY | tH 1 YASYTYOUNR | .
1 OMI9I9VS t YR 1 wymn NI0H WY toavn ‘\l»_ NYNOILYNY
T %YaUNVL r/ 1 NYOVOVL (B1A0 \
1 INONH) N\ —t AVOWNVL
T OAYNION J y 't ooa:axw — S| joJojag m
“. T W YA F T UMWY
N -

@ s«:oumjf
-
1 AVIVOVL .\u
T AYSHNSY
1 A2y
I NYINYNYL
1 IHDOLYSYH .
‘I IONHIOJOSINIS

‘ S 1 z..xn.ox.q..:
y /r.. viNnwy
/l_ NYINDYHD
N v | 1 n
3 9 v

" x<o<o.$<|/|/ ,
. iy w_ b'.' i 0N oS40 WwNIG 3
& ' 3 J t../ k) 43;?\ o yonroe =71 vOIWNn &
.
2 L . ) xav<V‘. sougon .\ h‘
¢ %, : h T NDws .:;SV " oBoup) 1o73yvs %d
4 ‘I IPPINOY
S @ N v

10QI0H UOi}Ipadx 3
puvjs)

TETLIT

visS  o9NI¥3Fd
puoys;
puD|s| DU} . pioBBuy
puoist suuobiy-XANEPe % .
X\
puv|s os0Q /\ PuO}S| YBBIY
PUOIS| Y ION: puD|S} Yjnog

SONY IS 40 AVE il\

65



Geology

Great Sitkin, Adak, Kanaga, Tanaga, Adak, and Kagalaska islands were
mapped by Simons and Mathewson (1955), Coats (1955a and 1955b), Fraser and
Barnett (1955), Fraser and Snyder (1955), Hein and McLean (1980), and Hein
et al., (1984). These islandse all comprise volcanic and intrusive igneous
rocks and the sediments derived from them. The remaining islands in the group
have similar geology (Beikman, 1980).

Geochemistry

There is no petroleum geochemistry data for the Andreanof Islands.
Geochemical data for the areas offshore the Aleutian Islands are encouraging
for offshore oil development (Cooper, Scholl, Marlow et al., 1979). Scholl
et al., (1976) indicate that summit basins along the Aleutian ridge may be
good exploration targets; however, Stewart (1978) states that the sediments
near the Aleutian Islands may not make adequate reservoirs.

Hydrocarbon Occurrence Potential
The Andreanof Islands have no. hydrocarbon occurrence potential, a BLM
mineral potential classification of 0/D (figure 35). This classification is

based on the overwhelmingly igneous nature of the islands.

Islands of Four Mountains

The Islands of Four Mountains lie to the east of the Andreanof Islands
group. The group contains Amukta Island, Chagulak Island, Yunaska Island,
Herbert Island, Carlisle Island, Chuginadak Island, Uliaga Island, and Kagamil
Island.

Geology

These islands have not been geologically mapped in detail. Beikman (1980)
indicates that they are entirely volcanic in nature.

Geochemistry

There is no petroleum geochemistry data for the Islands of Four Mountains.
Geochemical data for the areas offshore the Aleutian Islands are encouraging
for offshore oil development (Cooper, Scholl, Marlow et al., 1979). Scholl
et al., (1976) indicate that summit basins along the Aleutian ridge may be
good exploration targets; however, Stewart (1978) states that the sediments
near the Aleutian Islands may not make adequate reservoirs.
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Hydrocarbon Occurrence Potential

The Islands of Four Mountains have no hydrocarbon occurrence potential, a
BLM mineral potential classification of 0/D (figure 36). This classification
is based on the overwhelmingly igneous nature of the islands.

Fox Islands

The Fox Islands lie near the eastern end of the Aleutian Island chain.
The Fox Islands include Samalga Island, Adugak Island, Umnak Island, Vsevidof
Island, Kigul Island, Ogchul Island, Pustoi Island, Emerald Island, Bogoslof
Island, Fire Island, Unalaska Island, the Baby Islands, Wislow Island, Round
Island, Dushkot Island, Peter Island, Buck Island, Ogangen Island, Sedanda
Island, Egg Island, Unalga Island, and the islets in Tanaskan Bay, Erskine
Bay, and Kisselen Bay.

Geology

Umnak, Bogoslof, Fire and Unalaska islands have been geologically mapped
by Beyers (1955), Drewes et al., (1955), and Lankford and Hill (1979). Umnak
and Unalaska islands are comprised entirely of volcanic or intrusive igneous
rocks and sediments derived from them. Bogoslof and Fire islands are
comprised entirely of volcanic rocks erupted since 1795. The remaining
islands in the group have geology that is similar to Umnak and Unalaska
islands.

Geochemistry

There is no petroleum geochemistry data for the Fox Islands. Geochemical
data for the areas offshore the Aleutian ing for offshore o0il development
(Cooper, Scholl, Marlow et al., 1979). Scholl et al., (1976) indicate that
summit basins along the Aleutian ridge may be good exploration targets;
however, Stewart (1978) states that the sediments near the Aleutian Islands
may not make adequate reservoirs.

Hydrocarbon Occurrence Potential
The Fox Islands have no hydrocarbon occurrence potential, a BLM mineral
potential classification of 0/D (figure 36). This classification is based on

the overwhelmingly igneous nature of the islands.

Krenitzin Islands

The Krenitzin Islands are the eastern most island group in the Aleutian
chain. Only Unimak Island lies between the Krenitzin Islands and the end of
the Alaska Peninsula. The Krenitzin Islands include Akutan Island, Akun
Island, Avatanak Island, Tigalda Island, Kaligagan Island, Aiktak Island,
Ugamak Island, and Round Island.
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Geology

The Krenitzin Islands are comprised of volcanic rocks and sedimentary
rocks derived from the volcanic rocks (Beikman, 1980).

Geochemistry
There is no petroleum geochemistry data for the Krenitzin Islands.

Geochemical data for the areas offshore the Aleutian Islands are encouraging
for offshore oil development (Cooper, Scholl, Marlow et et al., 1979) Scholl

et al., (1976) indicate that summit basins along the Aleutian ridge may be

good exploration targets; however, Stewart (1978) states that the sediments
near the Aleutian Islands may not make adequate reservoirs.

Hydrocarbon Occurrence Potential
The Krenitzin Islands have no hydrocarbon occurrence potential, a BLM
mineral potential classification of 0/D (figure 36). This classification is

based on the overwhelmingly igneous nature of the islands.

Amak Island and Sealion Rocks

Amak Island and Sealion Rocks lie north of the end of the Alaska Peninsula.
Geology

Amak Island and Sealion Rocks comprise volcanic rocks (Burk, 1965, and
Beikman, 1980).

Geochemistry

There is no petroleum geochemistry data for the Amak Island and Sealion
Rocks. Geochemical data for the areas offshore the Aleutian Islands are
encouraging for offshore oil development (Cooper, Scholl, Marlow et al., 1979).
Hydrocarbon Occurrence Potential

Amak Island and Sealion Rocks have no hydrocarbon occurrence potential, a
BLM mineral potential classification of 0/D (figure 36). This classification

is based on the overwhelmingly igneous nature of the islands.

Unimak Island

Unimak Island is the eastern most of the Aleutian Islands, lying just west
of the tip of the Alaska Peninsula.
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Geology

Unimak Island comprise volcaniec rock, except for the northeastern corner
of the island (Beikman, 1980). Mclean (1979a) indicates that the Quaternary
sediments on the northeastern corner of the island probably covers more
volcanic rocks.

Geochemistry

There is no petroleum geochemistry data for Unimak Island. Geochemical
data for the areas offshore the Aleutian Islands are encouraging for offshore
0il development (Cooper, Scholl, Marlow et al., 1979). Scholl et al. (1976)
indicate that summit basins along the Aleutian ridge may be good exploration
targets; however, Stewart (1978) states that the sediments near the Aleutian
Islands may not make adequate reservoirs.

Hydrocarbon Occurrence Potential

Unimak Island has no hydrocarbon occurrence potential, a BLM mineral
potential classification of 0/D (figure 36). This classification is based on
the overwhelmingly igneous nature of the island.

Alaska Peninsula Unit

Sankin Island

Sankin Island lies at the western end of the Alaska Peninsula in Sankin
Bay.

Geology

Sankin Island has not been mapped geologically; however, as the Tertiary
(Miocene or Pliocene, 24 Ma to 1.6 Ma) Tachilni Formation forms the shoreline
around Sankin Bay, Sankin Island is probably also underlain by Tachilni
Formation rocks. The Tachilni Formation is comprised of nommarine sandstone,
mudstone, conglomerate, and minor volcanic breccia interfingered with
fossiliferous sandstone and conglomerate (McLean, 1979a and 1979b). Most of
these sediments had volcanic sources.

Geochemistry
McLean (1979b) reports that the rocks of the Cold Bay-False Pass area

contain predominantly woody kerogen, which is gas prone, and that rocks rich
in organic carbon are rare.

70



p
SN

Hydrocarbon Occurrence Potential

Sankin Island has a low hydrocarbon occurrence potential, a BLM mineral
potential classification of L/A. This classification is based on the volcanic
nature of the Tachilni Formation sediments, and the poor source rock
characteristics of all the sedimentary rocks in the area as based on
geochemistry. Bascle et al., (1987) gave the adjacent portions of the Alaska
Peninsula a low hydrocarbon occurrence potential (L/A).

Sanak Islands

The Sanak Islands lie southeast of Unimak Island. Those islands of the
Sanak Island that are within the refuge include Long Island, Rabbit Island,
Wanda Island, Elma Island, Inikla Island, Umla Island, Caton Island, and
several other islets and rocks.

Geology

The Sanak Islands are underlain by the Cretaceous (144 Ma to 66 Ma)
Shumagin Formation which has been intruded by a granodiorite of Tertiary age
(66 Ma to 1.2 Ma). These older rocks are overlain by a thin veneer of
Quaternary (younger than 1.2 Ma) sediments. The Shumagin Formation consists
of interbedded flysch deposits of turbiditic sandstone, siltstone, and shale
and conglomerate and breccia. The Shumagin Formation has been complexly
deformed and metamorphosed. It is the equivalent of the Kodiak Formation on
Kodiak Island. (Burk, 1965). :

Geochemistry

Von Huene, Fisher et al., (1980) state that the vitrinite-reflectance
values for the Kodiak Formation are 3.5 to 4.0. As the Shumagin Formation is
the equivalent of the Kodiak formation, vitrinite-reflectance values of 3.5 to
4.0 are probably valid for it. These vitrinite-reflectance values would imply
that there is no organic material remaining in the rocks capable of generating
either oil or gas, and that any oil or gas that had previously been generated
would have been degraded or driven off.

Hydrocarbon Occurrence Potential
The Sanak Islands have no hydrocarbon occurrence potential, a BLM mineral
potential classification of 0/D (figure 37). This classification is based on

the metamorphic and igneous nature of the rocks underlying the Sanak Islands.

Egg and Amagat Islands to Omega, Kennoys, and Jude Islands

The part of the Alaska Peninsula Unit from Egg and Amagat islands to
Omega, Kennoys, and Jude Islands lies between the Sanak Islands and the
Shumagin Islands. This area includes Egg Island, Amagat Island, the Sandman
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Reefs, Sozavarika Island, Buyan Island, Patton Island, Sarana Island, Rona
Island, Fox Island, the Pavlof Islands, Omega Island, Kennoys Island, and Jude
Island. The Sandman Reefs include Goose Island, Little Goose Island, Midun
Island, High Island, Shushilnoi Island, Hunt Island, Umga Island, and various
other islets and rocks; and the Pavlof Islands include Inmer Iliasik Island,
Outer Iliasik Island, Goloi Island, Dolgoi Island, Poperechnoi Island, Ukolnoi
Island, Wosnesenski Island, and The Pinnacle.

Geology

The geology of this area is very similar to that of the adjacent Alaska
Peninsula which was discussed in the Alaska Peninsula/Becharof National
Wildlife Refuges 0il and Gas Assessemnt (Bascle et al., 1987).

Geochemistry

The geochemistry of this area is very similar to that of the adjacent
Alaska Peninsula which was discussed in the Alaska Peninsula/Becharof National
Wildlife Refuges 0Oil and Gas Assessemnt (Bascle et al., 1987).

Hydrocarbon Occurrence Potential

The northern edge of Deer Island, the north half of Inner Iliasik Island,
Goloi Island, and Dolgoi Island have a low hydrocarbon occurrence potential, a
BLM mineral potential classification of L/A (figure 38). The remainder of the
area has no hydrocarbon occurrence potential, a BLM mineral potential
classification of 0/D (figure 38). These classifications are based on the
geology as discussed in Burk (1965) and Bascle et al., (1987) and the
geochemistry as discussed by Bascle et al.

Shumagin Islands

The Shumagin Islands lie to the southeast of the Alaska Peninsula between
Coal Bay and the Kupreanof Peninsula. Unga Islands, Gull Islands, Egg
Islands, Popof Islands, Henderson Islands, Korovin Islands, Guillemot Islands,
Karpa Islands, Andronica Islands, Nagai Islands, John Islands, Near Islands,
Twin Islands, Turner Islands, Bendel Islands, Spectacle Islands, Peninsula
Islands, Big Koniuji Islands, Hall Islands, Herendeen Islands, Litle Koniuji
Islands, Atkins Islands, Bird Islands, Chermabura Islands, Simeonof Islands,
Castle Rock, Murre Rocks, The Whaleback, The Haystacks, and other unnamed
iglets are included in the Shumagin Islands.

Geology

The Shumagin Islands are divided into two distinct areas by the geology of
the area. The first area has a geology similar to that of the Alaska
Peninsula and consist of the islands northwest of the West Nagai Strait (Unga,
Gull, Egg, Popof, Henderson, Korovin, Guillemot, Karpa, and Andronica islands,
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The Whaleback, and The Haystacks). The remainder of the area has geology
similar to Kodiak Island or the Sanak Islands. See the Alaska Peninsula/
Becharof National Wildlife Refuges 0il and Gas Assessment (Bascle et al.,
1987) for a detailed discussion of the geology of the islands with geology
like that of the Alaska Peninsula, and the Kodiak National Wildlife Refuge 0il
and Gas Assessment (Bascle, 1988) for a detailed description of the geology
for remainder of the islands in the group.

Geochemistry

The geochemistry of the Shumagin Islands is directly related to the
geology of the two areas. See the appropriate reference for detailed
discussions of the geochemistry of the Shumagin Islands.

Hydrocarbon Occurrence Potential

Unga, Gull, Popof, Henderson, Korovin, and Guillemot islands have a
moderate hydorcarbon occurrence potential, a BLM mineral potential
classification of M/A (figure 37). The remainder of the islands in the
Shumagin Islands group have no hydrocarbon occurrence potential, a BLM mineral
potential classification of 0/D (figure 37). The classifications are based on
the discussions of geology and geochemistry found in Bascle et al., (1987) and
Bascle (1988). '

Chiachi Islands to Alinchak Bay

The portion of the Alaska Peninsula Unit between the Chiachi Islands and
Alinchak Bay is the northwestern end of the unit. This area includes the
Chiachi Islands, the Brother Islands, Spitz Island, Mitrofania Island, Seal
Cape, Chankliut Island, Gull Island, Nakchamik Island, Kak Island, Atkulik
Island, the Unavikshak Islands, Kumlik Island, Garden Island, Eagle Island,
Sutwik Island, Hydra Island, Long Island, Central Island, Ugaiushak Island,
the Semidi Islands, Derickson Isa, the Aiugnak Colummns, David Island, Poltava
Island, Navy Island, Ashiiak Island, the Kilokak Rocks, the Wide Bay Islands,
Jute Island, Chirikof Island, Nagai Rocks, islets in Chiginagak, Agripina, and
Alinchak bays, Kekernoi Islets, and several unnamed islands south of Cape
Kumlik. The Chiachi Islands include Leader Island, Jacob Island, Paul Island,
Chiachi Island, Petrel Island, Shapka Island, Pinusuk Island, and several
islets near Chiachi Island. The Semidi Islands include Aghiyuk Island,
Chowiet Island, several unnamed islands and islets, and surrounding submerged
lands. The Wide Bay Islands include Titcliffe Island, Hartman Island, Terrace
Island, West Channel Island, East Channel Island, and several unnamed islands.

Geology
This area, except the Semidi Islands, Chirikof Island, and the Nagai
Rocks, has geology similar to the adjacent Alaska Peninsula. The Semidi

Islands are underlain by intrusive igneous rocks, and Chirikof Island and the
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Nagai Rocks are underlain by the Sitkinak and Sitkalidak formations as found
on Kodiak Island. For a detailed description of the geology of this area see

the appropriate refuge oil and gas assessment (Bascle et al., 1987 and Bascle,
1988).

Geochemistry

See the Alaska Peninsula/Becharof and Kodiak National Wildlife Refuge oil
and gas assessments for detailed descriptions of the geochemistry of this area.

Hydrocarbon Occurrence Potential

Shapaka Island, Spitz Island, Nakchamik Island, Kak Island, Atkulik
Island, and the Semidi Islands have no hydrocarbon occurrence potential, a BLM
mineral potential classification of 0/D (figures 39 and 40). Chirikof Island
and the Nagai Rocks have a low hydrocarbon occurrence potential, a BLM mineral
potential classification of L/A. Leader Island, Paul Island, and Jacob Island
have a moderate hydrocarbon occurrence potential, a BLM mineral potential

. classification of M/A (figure 39). The remainder of the islands in this area

have a high hydrocarbon occurrence potential, a BLM mineral potential
classification of H/C (figures 39, 40, and 41). The classification for the
Semidi Islands is based on the igneous nature of the rocks forming the islands
as indicated by Burk (1965). The classifications for the remainder of area
are based on the geology and geochemistry discussed in the two references
mentioned under geology and geochemistry.

Gulf of Alaska Unit

Islands and Lands Associated with Kodiak and Afognak Islands

The islands and lands associated with Kodiak and Afognak islands is
comprised of smaller islands and submerged lands around the larger islands.
They include Sundstrom Island, Aiktalik Island, the Geese Islands, Akhiok
Island, Flat Island, Sitkalidak Island, Fox Island, Bear Island (Kodiak),
Harvester Island, Noisy Island, Sally Island, Sheep Island, Village Island,
Green Island, Mary Island, Viesoki Island, Zaimba Island, Puffin Island,
Grassy Island, Alligator Island, Rocky Island, Teck Island, Hogg Island, Bear
Island (Afognak), Delphin Island, Discoverer Island, Murphy Island, the
Sealion Rocks, Sea Otter Island, the Latex Rocks, Dark Island, several unnamed
islands around Noisy Island, several unnamed islets at the head of Northeast
Arm, several unnamed islets around Green Island, and the submerged lands,
tidelands, and water column in Womens Bay, around Afognak Island, and in the
Karluk area from Wolcott Reef to Sturgeon Lagoon.

Geology

The geology of this area is discussed in detail in the Kodiak National
Wildlife Refuge 0il and Gas Assessment (Bascle, 1988).
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Geochemistry

The geochemistry of this area is discussed in detail in the Kodiak NWR 0il
and Gas Assessment (Bascle, 1988).

Hydrocarbon Occurrence Potential

The Geese Islands, Flat Island, that portion of Sitkalidak Island
southeast of a line drawn between the southeastern shores of McDonald Lagoon
and Rolling Bay, and that portion of Aiktalik Island southeast of a line drawn
along the shoreline of Aiktalik Cove have a low hydrocarbon occurrence
potential, a BLM mineral potential classification of L/A (figure 42). The
remainder of the area has no hydrocarbon occurrence potential, a BLM potential
classification of 0/D (figures 42, 43, 44, 45, and 46). These classifications
are based on the geology and geochemistry as discussed by Bascle (1988).

Islands and Rocks in Cook Inlet

The islands and rocks in Cook Inlet include Bruin Island, the Mushroom
Islets, White Gull Island, Turtle Reef, Iniskin Rock, Vert Island, Scott
Island, Iniskin Island, Pomeroy Island, Big Rock, Oil Reef, Gull Island, Duck
Island, Chisik Island, and Sixty Foot Rock.

Geology

The stratigraphy of the islands and rocks in Cook Inlet was discussed in
detail in the Kenai NWR 0il and Gas Assessment (Teseneer, et al., 1987).
Bruin Island is underlain by igneous rocks, possibly diorite. Chisik Island
is underlain by the Chinitna and Naknek Formations. The Mushroom Islets, Vert
Island, Scott Island, Iniskin Island, Pomeroy Island, Gull Island, and Duck
Island are all underlain by the Naknek Formation. White Gull Island, Turtle
Reef, 0il Reef, Iniskin Rock, Big Rock, and Sixty Foot Rock are all unmapped;
however, all of them, except for White Gull Island and Sixty Foot Rock, are
probably underlain by the Naknek Formation. White Gull Island is underlain by
either igneous rocks or the Triassic (245 Ma to 208 Ma) Bruin Bay limestone
(Magoon, Adkison, and Egbert, 1976). The Bruin Bay limestone is similar to
the Triassic limestone, and chert and greenstone units that occur south of
Kachemak Bay near the end of the Kenai Peninsula that were discussed in
Teseneer et al., (1987). Sixty Foot Rock is probably underlain by the
Triassic chert and greenstone unit mentioned above.

Geochemistry

The geochemistry of these rocks is discussed in detail in the Kenai NWR
0il and Gas Assessment.
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Hydrocarbon Occurrence Potential

Bruin Island has no hydrocarbon occurrence potential, a BLM mineral
potential classification of 0/D (figure 41). This classification is based on
the igneous nature of the rocks composing the island.

Sixty Foot Rock and White Gull Island have a low hydrocarbon occurrence
potential, a BLM mineral potential classification of L/A (figures 47 and 48).
This classification is based on the probable nature of the rocks underlying
them. These rocks are slightly metamorphosed or igneous in nature and would
have no potential; however, there is a possibility of these islands being
underlain by other rocks that have some potential.

The remainder of the area has a high hydrocarbon occurrence potential, a
BLM mineral potential classification of H/B (figure 47). This classification
is based on the geology and geochemistry discussed in the Kenai NWR 0il and
Gas Assessment.

Barren Islands and Chugach Islands

The Barren and Chugach Islands lie at the end of the Kenai Peninsula, with
the Chugach Islands just offshore, and the Barren Islands approximately 15
miles to the southwest. The Barren Islands include Carl Island, Ushagat
Island, Sugarloaf Island, Sud Island, Nord Island, West Amatuli Island, and
East Amatuli Island. The Chugach Islands include Elizabeth Island, Perl
Island, East Chugach Island, Perl Rock, and the Naguhut Rocks.

Geology

The stratigraphy of these islands was discussed in the Kenai NWR 0il and
Gas Assessment. Diorite underlies Nord and Sud islands and part of Ushagat
Island. Triassic (245 Ma to 208 Ma) limestone and tuff underlies the
remainder of Ushagat Island. Either diorite or Triassic limestone and tuff
underlies Carl Island. The Jurassic to Cretaceous (208 Ma to 66 Ma) McHugh
Complex underlies East Amatuli, West Amatuli, Sugarloaf, Perl, and Elizabeth
Islands and Perl and Naguhut rocks. The Jurassic to Cretaceous Valdez Group
underlies East Chugach Island.

Geochemistry

The geochemistry of the rocks in this area is discussed in the Kenai NWR
0il and Gas Assessment.

Hydrocarbon Occurrence Potential
All of the islands in this area have no oil and gas occurrence potential,
a BLM mineral potential classification of 0/D (figures 46 and 48). This

classification is based on the igneous and metamorphic nature of the rocks in
the area.
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Pye Islands and Chiswell Islands

The Pye Islands and Chiswell Islands include Pye Reef, Outer Island,
Rabbit Island, Ragged Island, Granite Island, the Twin Islands including Dora
Island, Harbor Island, Natoa Island, Beehive Island, the Chiswell Islands,
Lone Rock, the Seal Rocks, Chat Island, Cheval Island, Rugged Island, Pilot
Rock, and several unnamed islands.

Geology

Granite underlies all of the named islands in this area, and also probably
the unnamed ones. The Valdez Group underlies the unnamed islands if they are
not underlain by granite. The Valdez Group is discussed in the Kenai NWR 0il
and Gas Assessment (Teseneer et al., 1987).

Geochemistry

The geochemistry of the rocks of the Kenai Peninsula is discussed in the
Kenai NWR 0il and Gas Assessment.

Hydrocarbon Occurrence Potential

The Pye Islands and the Chiswell Islands have no hydrocarbon occurrence
potential, a BLM mineral classification potential of O/D (figure 49). This
classification is based on the igneous and possibly metamorphic nature of the

rocks underlying the islands.

Middleton Island and Moraine Islands

Middleton Island lies in the Gulf of Alaska approximately 60 miles
southwest of the mouth of the Copper River. The Moraine Islands lie in the
southern side of Icy Bay.

Geology

Middleton Island and the Moraine Islands lie in the Gulf of Alaska
Tertiary Province, which is considered to be an oil and gas basin. The Late
Tertiary to Quaternary (24 Ma or younger) mudstone, siltstone, sandstone, and
conglomerate of the Yakataga Formation underlie both Middleton Island and the
Moraine Islands (Plafker, 1967). 1In addition, the Moraine Islands are
underlain by the Middle Tertiary (57 Ma to 24 Ma) Poul Creek and Katalla
formations (Bruns, 1982a).

Geochemistry

The geochemistry of the Yakataga Formation indicates that it has poor
source potential while that of the Poul Creek and Katalla formations indicates
that they have good source potential (Bruns, 1982a). The Katalla Formation is

the probable source and is the reservoir rock for the Katalla Field.
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Hydrocarbon Occurrence Potential

Middleton Island has a low hydrocarbon occurrence potential, a BLM mineral
potential classification of L/A (figure 50). This classification is based on
the poor source potential of the Yakataga Formation and the absence of the
older Poul Creek and Katalla formations in the Tenneco Middleton Island Well
that was drilled just to the southeast of Middleton Island.

The Moraine Islands have a high hydrocarbon occurrence potential, a BLM
mineral potential classification of H/C (figure 50). This classification is
based on the favorable geochemistry of the Poul Creek and Katalla formations,
numerous o0il seeps along the coast in the vicinity of the islands, and
indications of gas in the Standard 0il of California Riou Bay No. 1 (Sec. 26,
T. 23 S., R. 23 E., CRM). The well records imply a possible show of oil
because they state '"no commercial oil and gas'" (emphasis added).

St. Lazaria Subunit

The St. Lazaria Subunit lies at the southern end of Kruzof Island and is
comprised entirely of the St. Lazaria Islands.

Geology

The St. Lazaria Islands are comprised entirely of basalt flows of the
Edgecumbe Volcanic sequence on a basement of metamorphic rock.

Geochemistry

No petroleum geochemistry data is available for the rocks of the St.
Lazaria Islands.

Hydrocarbon Occurrence Potential

The St. Lazaria Subunit has no hydrocarbon occurrence potential, a BLM
mineral potential classification of 0/D (figure 51). This classification is
based on the. igneous and metamorphic nature of the rocks underlying the

islands.

Hazy Islands Subunit

The Hazy Islands Subunit lies to the west of Coronation Island and to the
south of Baranof Island.

Geology
The Hazy Islands Subunit lies in the Craig Subterrane of the Alexander
Terrane. It is probably underlain by pre-Ordovician (older than 505 Ma)

metamorphic rocks and Ordovician to Triassic (505 Ma to 208 Ma) mafic to
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felsic volcanic rocks and terriginous clastic and carbonate rocks Monger and
Berg, 1987). All of the younger rocks have undergone some metamorphism
(Hudson et al., 1982). The carbonate rocks may be the limestones of the
Silurian (438 Ma to 408 Ma) Heceta Limestone (Beikman, 1975).

Geochemistry

All of the rocks in the Hazy Islands Subunit should be overmature for oil
or gas.

Hydrocarbon Occurrence Potential

The Hazy Islands Subunit has no hydrocarbon occurrence potential, a BLM
mineral potential classification of 0/D (figure 51). This classification is
based on the igneous and metamorphic nature of the rocks of the Hazy Islands

Subunit.

Forrester Islands Subunit

The Forrester Islands Subunit lies to the west of Dall Island in the Gulf
of Alaska. The subunit includes Wolf Rock, Sea Lion Rock, Butler Rock, the
Cape Horn Rocks, South Rock, Lowrie Island, and Forrester Island.

Geology

The islands in the Forrester Islands Subunit are underlain by intrusive
igneous rocks and the metamorphosed sediments of the Ordovician to Silurian
(505 Ma to 408 Ma) Descon Formation (Beikman, 1980).

Geochemistry

The rocks of the islands in the Forrester Islands Subunit should be
overmature for the generation of oil or gas.

Hydrocarbon Occurrence Potential

The Forrester Islands Subunit has no hydrocarbon occurrence potential, a
BLM mineral potential classification of 0/D (figure 51). This classification
is based on the igneous and metamorphic nature of the rocks in the subunit.

Petroleum Development Scenario

The geological assessment identified three units of the Alaska Maritime
National Wildlife Refuge which have a high potential of containing economical
quantities of oil and/or gas. These units are the Chukchi Sea, Alaska
Peninsula, and the Gulf of Alaska. After reviewing the high potential areas
and the Alaska Maritime NWR lands involved, it appeared that the only unit
which would be physically altered by development of these areas is the Chukchi
Sea Unit.
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Chukchi Sea Unit

Minimal activity would be likely on refuge lands north of Cape Lisburne.
Petroleum operations offshore or in the NPRA would be designed and operated in
such a manner to minimize effects on these islands, lagoons, and islets.

The Ann Stevens - Cape Lisburne and Cape Thomson refuge lands would most
likely be physically impacted by the development of a petroleum field in this
area.

For a field to be economic in this area, there would likely be another
developed field either offshore of this area or near by in NPRA. A pipeline
to the Trans—Alaska Pipeline System or a terminal facility could then be
shared. These major facilities would most likely be located off of any refuge
lands. Therefore, the facilities which may be located on refuge lands to
develop a field in this area would be drilling/production pads, central
production facilities, gathering pipelines, and roads. To protect the
permafrost environment, the pads supporting these facilities and the roads
would be approximately five feet thick.

Drilling/Production Pads

The drilling/production pads would support the wells, gathering facility,
and associated pipelines. Areal extent of these pads may range from 15 to 25
acres. The gathering facility measures the production from each well and
combines the production into one pipeline to the central production facility.
If natural gas and water are reinjected on a drilling/production pad, the
gathering facility would receive the natural gas and/or water from the central
production facility and direct it to the appropriate disposal or injection
wells. Reserve pits will also be located on these pads which will hold
unusable drilling muds and cuttings. These pits would be rehabilitated when
they are no longer required.

Central Production Facility (CPF)

The CPF pad would support the modules and equipment used to separate the
crude oil into oil, gas, and water. Salable o0il would be piped to market,
produced gas would be used as fuel at the facility and the surplus reinjected
into the subsurface structure. If enough gas is produced, it may be economic
to bury a pipeline to nearby villages (Kotzebue, Wainwright, Nome, etc.) to
use as fuel, or the gas may be piped to a LNG plant at the terminal, if one
exists. Produced water would be piped to the drilling/production pads and
injected into disposal wells. At least one CPF pad would also support living
quarters and offices for the field personnel. Areal extent of this pad may
range from 60 to 90 acres, all other CPF pads would cover 30 to 50 acres.

Roads and Gathering Pipelines

Roads would connect the drilling/production pads and the CPF pads. These
roads will be built with a minimum crown width of 35 feet.
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Gathering lines will run from each drilling/production pad to a CPF. One
line would transport crude oil to the CPF and a parallel set of lines would
transport natural gas and water from the CPF to the drilling/production pads.
All three lines would most likely be placed on a single vertical support
member.

Although this assessment showed only three areas of high potential in the
Alaska Maritime NWR, consideration must be given to offshore discoveries and
development. Since the Alaska Maritime NWR covers a large portion of the
Alaska coast, it is very likely that refuge lands would be impacted by
facilities required to support offshore exploration, development, -and
production. At a minimum, one would see a support base on or very near refuge
lands. Other onshore facilities which may be needed are crude o0il storage
facilities, LNG plant and storage facilities, and a nearshore loading terminal,

Economic Potential

The development or economic potential of an area considers not only the
geologic environment concerning the existence of mineral resources, but also
the nongeologic environment.

The nongeologic environment includes such considerations as market
availability, the existing infrastructure in the subject area, price
projections, costs of production and marketing, anticipated rate of return,
and also alternative investment opportunities.

Based on all available geologic and nongeologic information, the Alaska
Maritime NWR has been determined to have either a low economic development
potential or none at all (Appendix D).

A summary of the geologic petroleum potential of the subject refuge is
presented in the following table.

TABLE 1
Level of Geologic (Hydrocarbon occurrence) Potential

for the Alaska Maritime National Wildlife Refuge
by Named Area 1/

Area (Unit) None Low Moderate High
Chukchi Sea ———— 3 2 11

Bering Sea 9 11 3 ———-

Aleutian Islands 115 -— mmm————- -——
Alaska Peninsula 60 7 9 38
Gulf of Alaska 69 7 0 mmm————- 12
Total 253 28 14 61

Named Area Percent 71% 8% 47 17%

Acreage Percent 92% 2% 1% 5%

l/ See appendix D for a listing of areas within each unit.
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As can be seen from the above table, only 61 areas, or 17 percent of the
total of 356 were considered to have a high geologic petroleum potential 2/.
Adding to this, the areas of moderate potential increases this total to 75
areas, or 21 percent. Looking at the combined acreage of these 75 areas,
which is even more significant, we find that only 6 percent of this refuge was
considered to have either a high or moderate resource potential and, thus,
would merit further comsideration for economic development. The following
table is presented to illustrate the size of these 75 areas.

TABLE 2 A
Areal Size of Moderate or High Resource Potential Tracts

Moderate High Percent

Area Potential Potential Total of Total
1 to 125 acres 5 37 42 56%
126 to 500 acres 2 12 14 19%
Greater than 500 acres 7 12 19 257
Total 14 61 75 100%

As can be seen from Table 2, 56 percent of the tracts (areas) that have
been determined to have either a moderate or high geologic potential are in
the size range of 125 acres or less. The arithmetic average size of these 42
tracts is only 31 acres, hardly the size one would think of in terms of
development, so these were dropped from further comsideration.

The 14 tracts in the midsize range of 126 to 500 acres represent 19
percent of those tracts in the moderate to high geologic potential category.
The average size 1is 326 acres. Ten of these tract areas are located in the
Alaska Peninsula Unit, two are in the Gulf of Alaska Unit, and one each are
located in the Chukchi Sea and Bering Sea Unit, respectively.

The 19 tract areas which are the largest in size represent 25 percent of
the tract areas, and range in size from 600 to 104,000 acres. The average
size is 15,721 acres, or approximately 25 square miles. Fourteen of these
largest high to moderate resource areas are located in the Alaska Peninsula
Unit, four are in the Chukchi Sea Unit, and one is in the Bering Sea Unit.

2y Geologic petroleum potential refers only to the probability of the presence
(occurrence) of a concentration of that mineral resource. It neither
refers to or implies potential for extraction or that the resource, if any,
is economic or could be extracted profitably.
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A review of all 33 moderate to high geologic potential tracts discussed in
the last two paragraphs indicates that 24 are located in the Alaska Peninsula
Unit, five in the Chukchi Sea Unit, and two each are located in the Bering Sea
and Gulf of Alaska Units, respectively.

When considering the potential for economic development, we must not only
look at the moderate to high geologic classifications, but also the quality
and quantity of data available to reach this determination. The 31 tracts
presently being considered were ranked as either an "A" or '"C" (see appendix B
for definitions). The quality of this data, according to definition, varies
between being either insufficient or minimal to support the geologic
interpretation.

As previously stated, 24 of the 33 tracts now under consideration are, for
the most part, islands located just offshore from the Alaska Peninsula. Since
the turn of the century, 26 wells have been drilled on the entire length of
the Alaska Peninsula. Although o0il and gas seeps are known to be present, and
shows of o0il and gas have occurred at some drill sites, all commercial
ventures to date have met with failure, and industry presently has shown
little interest in the area. For the five tracts located in the Chukchi Sea,
the same low level of interest would be expected. The adjacent land area,
from Icy Cape northeastward, is within the National Petroleum Reserve in
Alaska (NPRA), which has drawn very little interest from industry. Annual
surveys of industry indicate little interest in developing the area and many
of the companies have assigned the area a low-priority rating. Industry
interest in the tracts located in the Bering Sea Unit and Gulf of Alaska (two
each) would be expected to generate much the same low level of interest
relative to other leasing opportunities in Alaska.

In summary, only a low level of industry interest would be expected for
any of these 33 tracts now under consideration. Lack of existing
infrastructure is certainly an important point as well as presently depressed
oil prices. . Of even more significance is the presence of the North Slope
area, which holds great promise. At least through the next 20 years, industry
interest 1is expected to sharply focus on this area compared to other leasing
opportunities offered in Alaska

Current technology exists that would allow exploration and development of
potential hydrocarbon resources from this refuge, should commercial quantities
be discovered; so the interest in opening this area to exploration is dictated
by the resource potential and economic viability of oil and gas development in
the area.

Price Projections
Recent petroleum price projections compiled from a variety of sources
(Anonymous, 1985a, 1985d, 1985c, and 1986a-f) are significantly lower than

previous forecasts completed earlier in the 1980s (Appendix C, table 1). The
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range of oil prices projected in these current forecasts vary from $18 to $42
per barrel by the year 2000 (constant 1984/85 dollars). With such a wide
spread in forecasts, it is difficult to assess future impacts of this variable
on future exploration activities. It may be of interest to note that both a
private research firm and a major oil company forecast a high case crude oil
price of $35/barrel, whereas the most optimistic level of $42/barrel was a
forecast of the U.S. Department of Energy (DOE). The DOE mid-range forecast of
$36.75 is less than $2/barrel higher than that of the high case for private
sector. This level ($36.75/barrel by the year 2000) is approximately
$5/barrel, or 12 percent, less than the average annual refiner's cost of
imported crude in 1981/82 (constant 1984 dollars). This scenario .does reflect
an optimistic picture as compared to the current pricing structure and would
be expected to provide incentives for future exploration/ production of the
Alaska Maritime NWR.

Other forecasts from the same sources indicate an upward trend in
petroleum demand, but conversely project a decline in domestic production
which is indicative of a decrease in domestic exploratiom activities.

One last petroleum price projection that should be considered is the
scenario presented by Arlon Tussing, a Seattle-based energy economist (Tussing
and Bayless, 1987). Mr. Tussing, in late 1980, against all conventional price
projections, correctly forecast that international oil prices would soon
collapse. In January 1984, prior to the councern of most energy forecasters,
he stated that.we were headed for a 10-year cycle of falling prices, and he
projected that oil would soon drop within the range of $12 to $20 per barrel.
To date, this forecast has been quite accurate.

Mr. Tussing's latest forecast is even more foreboding, as he expects oil
prices in constant dollars (1987) to remain within a range of $10 to $20 a
barrel through the rest of the century. Beyond this timeframe, he expects
energy prices to decline even further.

The basis for this scenario is "fuel switching." Mr. Tussing states that
"many" of the industrial users are now equipped to use alternate fuels such as
oil, gas, or coal, depending on the prevailing price. He believes that the
exceptional high prices during the six-year period between 1979 and 1985 were
possible only because heavy industrial users were not at that time equipped to
switch fuels and were heavily dependent on oil as a bulk fuel. This stemmed
from the fact that exceptionally low oil prices prevailed in the 1950s and
1960s, and this trend was expected to continue ad-infinitum. He points out
that for a century, between 1878 and 1978, crude o0il prices never exceeded
$15/barrel in 1986 dollars, and the average wellhead price during this
100-year period was between $8 and $9/barrel. Mr. Tussing believes that the
long~term price trend for oil can only be downward.
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The wide divergence in o0il price projections just presented are indicative
of the future uncertainty which exists in the national petroleum industry. As
we have seen, though, most mainline economists are forecasting an upward trend
in long-term bulk oil prices. Although this is considered a promising sign
for the industry as a whole, this is foreshadowed by forecasts of a long-term
decline in U.S. production. This decline was brought on by a general cutback
in drilling and production activities by U.S. petroleum companies triggered by
an excess world supply and resultant low product prices. Future expansionary
efforts by the petroleum industry would be anticipated to take place in areas
where capital costs can be held down, or, in lieu of this, in areas of great
promise.

Overview

In 1986, Alaska contributed nearly 20 percent of domestic petroleum
production (United States Department of Energy, Energy Information
Administration, 1987). 1In comparison, Alaska is a relatively minor producer
of natural gas, with production of approximately 300 billion cubic feet
peryear in 1986 (United States Department of Energy, Energy Information
Administration, 1987a). However, Alaska is an exporter of natural gas in the
form of liquified natural gas (LNG), which is primarily shipped to Japan.

Fundamental changes in the petroleum industry since the early 1970s will
certainly be a force in shaping the industry's future. This -period brought
two major crude oil price shocks, rapid expansion in petroleum demand and
heavy reliance on foreign sources of supply to meet domestic needs.

Similarly, the consumer experienced shortages in natural gas supply which
resulted in a new era of gas price regulation (see Appendix C for a detailed
discussion of these changes). The rapid growth of the energy sector in the
late 1970s and early 1980s was a result of the highest petroleum prices ever
experienced by the industry. This set the stage for a period of energy
conservation efforts, followed by declining demand and excess world productive
capacity with falling petroleum prices. By the middle of 1986, crude oil
prices had dropped to levels at or below prices received in 1973, before the
Arab oil embargo. Natural gas price increases stimulated drilling and
production in the early 1980s, which has resulted in domestic surplus capacity
(gas bubble) and depressed prices. The present unstable nature of the oil and
gas industry has resulted in a great deal of restructuring within the
industry, and expectations for the future are very uncertain.

Most recent long-term price forecasts project an upward trend that will be
realized in the 1990s and possibly beyond (see Appendix C for specific prices
and trends). Domestic petroleum demand is expected to rise slightly above the
1985 level of 15.7 million barrels per day to a range from 15.9 to 18.1
million barrels per day by the year 2000. Natural gas demand could also
increase from 17.4 trillion cubic feet per year in 1985 to a possible range
from 17.1 to 20.4 trillion cubic feet per year in the year 2000. In contrast,
domestic production of petroleum and natural gas is projected to decline below
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1985 levels by the year 2000 (see Appendix C for a more detailed discussion of
historic and future petroleum and natural gas demand and supply relation-
ships). Therefore, the United States' dependency on foreign sources of
hydrocarbon supplies is expected to increase above current levels. Based on
these projections, there is a considerable gap between domestic comsumption
and production that can only be filled nationally by exploring new areas and
developing any commercial discoveries that are made.

In the future, if the Alaska Maritime NWR were opened to oil and gas
exploration and development, some benefits would accrue to the local economy
through the expenditure of explorational dollars, with some small-scale
benefits to the State. Economic benefits would, of course, be dependent on
industry's interest in the area and investing the necessary capital for
development. Presently, and at least through the turn of the century, it is
not expected that industry would have significant interest in the area and
would be more inclined to expend their exploration dollars in areas of greater
promise. Any long-term benefits that would accrue, would of course be
dependent on locating commercial quantities of oil and gas that could be
recovered from a favorable economic viewpoint.
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APPENDIX A

MEMORANDUM OF UNDERSTANDING
BETWEEN THE
FISH AND WILDLIFE SERVICE
AND THE
BUREAU OF LAND MANAGEMENT
U.S. DEPARTMENT OF THE INTERIOR

BACKGROUND:

Section 1008 of the Alaska Nationmal Interest Lands Conservation Act (ANILCA)
requires the Secretary of the Interior to initiate an o0il and gas leasing
program on the federal lands of Alaska; it exempts, ". . . those units of the
National Wildlife Refuge System where the Secretary determines, after having
considered the national interest in producing oil and gas would be
incompatible with the purpose for which such unit was established." Section
1008 also mandates that:

"In such areas as the Secretary deems favorable for the discovery of
oil or gas, he shall conduct a study, or studies, or collect and
analyze information obtained by permittees authorized to conduct
studies under this section, of the oil and gas potential of such
lands and those environmental characteristics and wildlife resources
which would be affected by the exploration for and development of
such o0il and gas."

Section 304(g) of ANILCA requires that the Secretary of the Interior prepare a
"comprehensive conservation plan" for each of the 16 National Wildlife Refuges
in the State of Alaska. Among other things, these plans are to, ". . . specify
the uses within each such area which may be compatible with the major purposes
of the refuge." The U.S. Fish and Wildlife Service (FWS) has the
responsibility for preparing the refuge comprehensive conservation plans and
is using the refuge planning process to define those areas on refuges where
oil and gas exploration and development may be compatible with the purposes
for which each refuge was established.

PURPOSE:

To fully comply with Section 1008 of ANILCA (i.e., to consider the national
interest in producing o0il and gas from refuge lands) an accurate defensible
oil and gas resource assessment should be prepared for each National Wildlife
Refuge in Alaska. The FWS has limited technical expertise in assessing
mineral potentials. However, this expertise does exist within the U.S. Bureau
of Land Management (BLM). The purpose of this memorandum is to establish
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cooperative procedures between the FWS and the BLM for the mutual

responsibility of assessing the o0il and gas potential of National Wildlife
Refuge lands in Alaska.

IT IS MUTUALLY AGREED THAT:

The BLM will develop an oil and gas resource assessment for each of the 16
National Wildlife Refuges in the State of Alaska. These assessments will
consist of the following items (to the extent that available data permits):

1. A detailed narrative discussion of the geologic character of the refuge.

2. A map showing all known geologic formations and geologic features
pertinent to the mineral assessment.

3. A geologic cross section showing the subsurface character of the study
area.

4. A detailed discussion of the engineering aspects, if there is a potential
for development in the area, including the types of facilities and the
infrastructure necessary to economically develop the hydrocarbon potential.

5. A generic development scenario map that will graphically portray the
facilities and infrastructure discussed in item 4 above.

6. An economic assessment that will include:

a. a brief overview of the national energy situation and discussion
of the importance of Alaskan oil and gas production.

b. a generalized discussion of the economic potential for oil and
gas production from the refuge being evaluated.

c. a discussion of the factors that may affect future oil and gas
development on the refuge.

The above six items shall be considered the minimum elements to be included in
any refuge assessment. If sufficient nonproprietary geological and
geophysical data exist, and the hydrocarbon resources warrant further

description, some or all of the following items (time permitting) will also be
included in the resource assessment:

a. structural contour maps showing the location and surface areas of
potential mineral occurrences,

b. maps showing the magnetic and/or gravity character of the area,
c. maps showing the thickness of identified rock formations,
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d. reservoir character map showing the porosity, water saturation, and
permeability characteristics of potential reservoirs, and

e. a detailed development scenario map showing roads, docks, pipeline
corridors, etc. required to develop the prospects.

In preparing the oil and gas resource assessments, the BLM shall make use of
(1) existing literature, (2) geological and geophysical information and data
collected from FWS lands by industry permittees (see Memorandum of
Understanding between FWS and BLM dated August 1984--attachment .l), and

(3) geological and geophysical information and data collected on or adjacent
to FWS lands by the BLM, the U.S. Geological Survey, the State of Alaska, and
other government agencies. During the evaluation process, BLM geologists will
make official contacts with mineral companies that may have an interest in the
area. These companies will be given an opportunity to submit data for
consideration and they will also be given the opportunity to discuss their
feelings on the study area and its oil and gas development potential with the
evaluating geologists. All interactions will be documented ans submitted to
the Fish and Wildlife Service at the close of the project.

The oil and gas resource assessments prepared by BLM will be delivered to the
FWS in form suitable for public release. These assessments will be public
documents, and the FWS will make copies of the assessments available for
public review. All formal communications with the public concerning the
management of FWS lands (e.g., the opening of refuge lands to oil and gas
exploration or development) will be the responsiblilty of the FWS.

In developing the oil and gas assessment, proprietary information that was
obtained by the BLM will be shared with the FWS as support for statements made
in the assessment; however, proprietary information will not be included in
the public report.

The number of refuge resource assessments that BLM will complete each year and
the amount of funding that FWS will provide to BLM will be determined on an
annual basis by mutual agreement. The following three goals have been
established to assist the FWS and the BLM in planning their work commitment
for completing the refuge oil and gas assessments:

1. The Becharof, Alaska Peninsula, Yukon Flats and Kenai National
Wildlife Refuge oil and gas assessments will be completed during the
1986 fiscal year.

2. If at all possible, the o0il and gas assessments for the remaining 12
refuges will be completed during the 1987 and 1988 fiscal years.

3. The FWS will reimburse the BLM for completion of o0il and gas
assessments and FWS will prioritize the assessments to be completed
each year, with consideration for concurrently conduction analyses,
if possible, on refuges in.similar geographic location or of similar
geologic character.
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However, nothing in this MOU shall be construed as requiring either agency to
assume or expend any funds in excess of appropriatioms available. The
remaining 12 National Wildlife Refuge (NWR) resource assessments will be
conducted in the priority order established by the FWS on an annual basis:

1.
2.
3.
4,
5.
6.

Togiak NWR 7.
Tetlin NWR 8.
Kanuti NWR 9.
Yukon Delta NWR 10.
Koyukuk NWR 11.
Nowitna NWR 12.

Innoko NWR

Selawik NWR

Kodiak NWR

Alaska Maritime NWR
Izembek NWR

Artic NWR

Amendments to this agreement may be proposed by either party and shall become

effective upon mutual approval.

Meetings to discuss the MOU may be called by

the FWS Regional Director or the BLM State Director.

/s/ Robert E. Gilmore

Regional Director
U.S. Fish and Wildlife Service

s/ Michael J. Penfold

State Director
- Bureau of Land Management

3/17/86
Date

2/26/86
Date
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Attachment 1

MEMORANDUM OF UNDERSTANDING
BETWEEN THE
FISH AND WILDLIFE SERVICE
AND THE
BUREAU OF LAND MANAGEMENT
U.S. DEPARTMENT OF THE INTERIOR

ARTICLE 1 Background and objectives

Jointly, the Fish and Wildlife Service (FWS) and the Bureau of Land Management
(BLM) share responsibility to help meet Department of the Interior objectives
in Section 1008 of the Alaska Natiomal Interest Lands Conservation Act
(ANILCA), of December 1980. The FWS is authorized to issue permits for the
study of o0il and gas on national wildlife refuges; the BLM may analyze
resulting data for identification of potential.

The FWS is issuing permits for surface geology on all refuges. Permits for
geophysical exploration may be issued on refuges having approved Comprehensive
Conservation Plans. Data from both activities are required to be furnished to
the FWS.

This Memorandum of Understanding is entered into to initiate the role of BLM
to accept such data from FWS and be responsible for its confldentlallty.

ARTICLE 2 Statement of work

The FWS agrees to deliver to BLM data collected from permittees of oil and gas
studies provided for in Section 1008 of ANILCA. The BLM agrees to accept the
data, store it, and keep it confidental.

ARTICLE 3 Term and modification

This understanding shall continue from date of signature ten years hence. It
may by modified and/or extended by mutual agreement, and termlnated by either
party with sixty day's notice.

/s/ Robert E. Putz 8/8/84
Regional Director Date
Fish and Wildlife Service

/s/ Michael J. Penfold 8/27/84
State Director Date
Bureau of Land Management
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APPENDIX B

BLM's Mineral Potential Classification System
(from BLM Manual, Chapter 3131)

Mineral Potential Classification System

I. Level of Potential

OQ

ND.

The geologic environment, the inferred geologic processes, and the
lack of mineral occurrences do not indicate potential for
accumulation of mineral resources.

The geologic environment and the inferred geologic processes indicate
low potential for accumualtion of mineral resources.

The geologic enviromment, the inferred geologic processes, and the
reported mineral occurrences or valid geochemical/geophysical anomaly
indicate moderate potential for accumulation of mineral resources.

The geologic environment, the inferred geologic processes, the
reported mineral occurrences and/or valid geochemical/geophysical
anomaly, and the known mines or deposits indicate high potential for
accumulation of mineral resources. The "known mines or deposits" do
not have to be within the area that is being classified, but have to
be within the same type of geologic environment.

Mineral(s) potential not determined due to lack of useful data. . This
notation does not require a level-of-certainty qualifier.

IT. Level of Certainty

A.

The available data are insufficient and/or cannot be considered as
direct or indirect evidence to support or refute the possible
existence of mineral resources within a respective area.

The available data provide indirect evidence to support or refute the
possible existence of mineral resources.

The available data provide direct evidence, but are quantitatively
minimal to support or refute the possible existence of mineral
resources.

The ‘available data provide abundant direct and indirect evidenceto
support or refute the possible existence of mineral resources.

For the determination of No Potential, use 0/D. This class shall be seldom
used, and when used it should be for a specific commodity only. For example,
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if the available data show that the surface and subsurface types of rock in
the respective area is batholithic (igneous intrusive), one can onclude, with
reasonable certainty, that the area does not have potential for coal.

As used in this classification, potential refers to potential for the presence
(occurrence) of a concentration of one or more energy and/or mineral
resources. It does not refer to or imply potential for development and/or
extraction of the mineral resource(s). It does not imply that the potential
concentration is or may be economic, that is, could be extracted profitably.
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Appendix C

0il and Gas Demand and Supply
Relationships

The importance of potential oil and gas resources from this refuge is
dependent on the hydrocarbon potential of the area, national need for
additional sources of oil and gas, and the economics of exploring and
producing any hydrocarbons that might be discovered. This Appendix provides a
detailed review of the factors that have contributed to the present domestic
oil and gas situation and possible future demand for oil and gas, which is
directly linked to the national need for oil and gas resources from the refuge.

Domestic Energy Trends

The domestic energy situation, as it relates to oil and gas consumption
and production, has changed dramatically since the early 1970s. 1In 1970,
petroleum and natural gas supplied 44 and 33 percent (United States Department
of Energy, Energy Information Administratiom, 1984), respectively, of the
total energy consumed in the United States (figure 1). By 1977, petroleum
accounted for nearly 49 percent of domestic emergy consumption, and natural
gas consumption had declined to approximately 26 percent of total energy
demands. The relative contribution of both petroleum and natural gas declined
through 1985, when petroleum supplied nearly 42 percent, and natural gas
contributed approximately 25 percent of total energy demand. Figure 1 shows
the contribution of each major primary energy source to total national energy
demand in 1970, 1980, and 1985. Coal, nuclear, and geothermal energy were the
primary forms of energy to increase their market share of total energy
consumption during this time period, at the expense of petroleum and natural
gas resources.

Total domestic energy consumption peaked at 78.9 quadrillion (QUAD)
British thermal units (BTU) in 1979 and subsequently declined to 73.8 QUADS in
1985 (United States Department of Energy, Energy Information Administration,
1986). Over the 15-year period from 1970 to 1985, total primary emergy
consumption increased 11 percent, from 66.4 QUADS to 73.8 QUADS; however, the
rapid increase in energy consumption and escalation in the cost of energy (the
cost of energy more than doubled, from 1.35 constant 1972 dollar per million
BTU in 1970 to 2.90 in 1981) during this time period resulted in a dramatic
change in national energy consumption patterns. Total energy consumed per
constant 1972 dollar of Gross National Product (GNP) ranged from 56,500 to
61,000 BTUs per 1972 dollar of GNP from 1960 through 1976 (United States
Department of Energy, Energy Information Administration, 1985a). A decline in
the intensity of energy utilization was realized in 1977, when total energy
consumption dropped to 55,700 BTUs per dollar of GNP, and this downward trend
continued through 1985, when energy consumption was reduced to 42,900 BTUs per
1972 dollar of GNP (United States Department of Energy, Energy Information
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Administration, 1986). The decline in energy consumption was led by the
reduction in the intensity of petroleum and natural gas utilization. In 1985,
only 68 percent as much petroleum and natural gas were consumed per dollar of
GNP than in 1977, as compared to 77 percent for total energy consumption. The
reduction in intensity of energy utilization was indicative of a national
conservation effort which any be attributed to many factors, including:
increased real energy prices, the increased service orientation of the
economy, and changes in the mix of product production (United States
Department of Energy, Energy Information Administration, 1985a).

Historical Oil and Gas Demand, Supply, and Price Relationships

The relationship between price and domestic petroleum supply and demand is
shown in figures 2 and 3. Import prices utilized for petroleum in figure 3
are represented by the national average refiner's acquisition cost of imported
crude o0il, and wellhead prices are presented on the basis of the national
average from all producing wells. Domestic crude oil prices were not
completely decontrolled until January 1981l and, therefore, domestic wellhead
prices do not follow import prices during the 1970s. Petroleum product demand
rose throughout the early 1970s, until it peaked at 18.8 million barrels per
day (MBPD) in 1978 (United States Department of Energy, Energy Information
Administration, 1986a). Crude oil price increases began with the Arab oil
embargo in 1973, and a second major price run-up was triggered in 1978 by the
Iranian revolution and subsequent o0il stock building in anticipation of world
oil shortages. Real import prices peaked at $44.00 per barrel (1985 dollars)
in 1980.

Domestic petroleum product demand began a downward slide in 1979 which
continued through 1983. The Organization of Petroleum Exporting Countries
(OPEC) members sought to maintain the higher prices, that resulted from oil
price shocks of the 1970s, by production restraints. However, oil prices have
steadily declined since 1981 as a result of slow economic growth with
subsequent declining petroleum demand and excess world productive capacity
(United States Department of Energy, Energy Information Administration,
1986b). Domestic oil prices in the second quarter of 1986 had declined to the
lower teens in nominal terms, which is comparable to 1974 prices in real
dollars. Figures 2 and 3 show that petroleum demand is sensitive to price and
is characterized by long lags and high elasticities.

Domestic petroleum production has been much more stable than petroleum
product demand. Figure 2 shows that Alaskan production, primarily from the
North Slope, contributes a significant portion of domestic supply. In 1986,
Alaska accounted for more than 20 percent of the national crude oil production
(United States Department of Energy, Energy Information Administration,
1986a). Price increases of the 1970s provided incentive for exploration and
production from higher cost areas such as Alaska. Foreign imports have been
required to fill the gap between domestic supply and demand. Crude oil and
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petroleum product imports peaked in 1977, when net imports accounted for more
than 46 percent of domestic petroleum consumption. Net petroleum import
levels declined to 27 percent of product demand in 1985, but the United States
still remains highly dependent of foreign petroleum supply sources.

The history of natural gas production and consumption in the United States
is quite different from petroleum, and it has a direct bearing on gas pricing
policies, demand, and supply relationships in the 1970s and 1980s (figures 4
and 5). Natural gas went from a little used waste by-product of oil
production in the 1930s to a source of energy that supplied nearly 33 percent
of national consumption in 1970 (figure 1). By 1970, gas was being delivered
to consumers at prices well below those of competing petroleum products
(United States Department of Energy, Energy Information Administration,
1984). Prices paid to gas producers by interstate pipeline companies were
held at low levels through regulation by the Federal Power Commission, which
resulted in increased demand and reduced incentives for producers to explore
and develop new gas reserves. Regulated prices allowed intrastate
transmission companies and distributors to bid natural gas supplies away from
interstate carriers (Tussing and Barlow, 1984). The 1970s has been noted for
the gas supply shortages in the midwest and northern states. Imported gas
prices increased in a pattern similar to oil prices, but domestic prices
remained under regulation. The Natural Gas Policy Act was passed in 1978,
which allowed wellhead prices to increase and it deregulated certain
categories of gas. Price increases provided incentives to explore and develop
new sources of gas. Natural gas consumption started a sharp decline after
1980 under the influence of higher gas prices, a weak economy, warm winters,
and, since 1981, falling oil prices (United States Department of Energy,
Energy Information Administration, 1984). This trend continued through 1985,
with the exception of a small increase in gas demand realized in 1981, which
may be attributed to the strong economic growth in the national economy in
that year.

Net imports of natural gas are primarily received through pipelines from
Canada and Mexico, although there are some liquified natural gas (LNG) imports
from Algeria. Net imports generally ranged near five percent from 1970 to
1985. Alaska is a relatively small producer of natural gas, ranging from
approximately 100 to 325 billion cubic feet per year from 1970 to 1985 (United
States Department of Energy, Energy Information Administration, 1985b)..
Alaska is, however, a net exporter of natural gas in the form of LNG, which is
delivered to Japan. Huge gas reserves have been identified on the Alaskan
North Slope, but this resource has not been commercially produced due to a
lack of transportation infrastructure.

Future 0il and Gas Demand, Supply, and Price Relationships

From the review of historic petroleum and natural gas price, demand, and
supply relationships, it is apparent that there have been fundamental changes,
such as petroleum price deregulation and energy conservation efforts in the
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national energy market since the early 1970s that will likely affect future
petroleum and natural gas production and consumption. At the present time,
the national petroleum market is directly linked to the world petroleum market
by price and supply. The situation is characterized by excess productive
capacity in the world market, a strong desire by exporting nations to sell
petroleum to meet financial obligations, a time of relatively slow economic
growth, and declining petroleum prices. The domestic natural gas industry is
currently working off surplus reserves added during the early 1980s, but
depressed prices have resulted in a sharp reduction in drilling which could
have serious implications for future domestic gas production.

Implications of the petroleum price slide during the first half of 1986
are not yet fully discernable. Middle eastern nations have been unable to
reach accord in setting and adherence to self-imposed oil production quotas.
In the past, Saudi Arabia has taken the position as swing producer for OPEC,
and thereby reduced production to maintain quota levels. However, Saudi
Arabia changed policies in 1986 to concentrate on achieving a "fair market
share" of the international petroleum market with little concern for output
quotas. The strategy behind this policy was not disclosed, but speculation as
to the potential motivation and results of this action includes:

"1. Saudi Arabia is making a show of strength to discipline OPEC members that

have cheated on production quotas and prices with hopes of bringing member
and possibly non-member nations together as a unified market group;

2. Saudi.Arabia sought to increase revenue, but underestimated the effects
additional production would have on price;

3. Saudi Arabia is flooding the world o0il market in an effort to eliminate
producers with higher costs of production and thereby reduce competition;

4, Saudi Arabia is acting to reduce prices and stimulate growth in petroleum
demand to reverse conservation efforts initiated in the late 1970s and
1980s.

In any event, a tremendous amount of uncertainty exists in the national
petroleum industry, which has resulted in major financial restructuring. The
most evident signs of restructuring are major employment reductions and
reduced capital expenditures for exploration and drilling.

The interest in mineral exploration and possible development in this
refuge is driven by the future national demand for oil and gas, the cost and
availability of domestic supplies, and the hydrocarbon potential of the area.
The rate of future economic growth and hydrocarbon prices will be the major
determinants of petroleum and natural gas demand. Future domestic production
is dependent on resource availability and market prices. However, political
forces are having an increasingly important effect on world oil prices, which
will ultimately dictate future market conditions. The instability in the
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world oil market results in tremendous uncertainty in predicting future
hydrocarbon prices and market conditions. Table 1 presents three recent crude
0oil and natural gas price forecasts by the United States Department of Energy,
a private research firm, and a major oil company. The prices shown in these
forecasts are significantly lower than previous forecasts completed earlier in
the 1980s. The range of oil prices projected in these forecasts is $18.00 to
$42.00 (constant 1984 and 1985 dollars) per barrel in the year 2000. The high
price range is approximately equivalent to the average annual refiner's
acquisition cost of imported crude received in 1981 and 1982 (constant 1984
dollars). The range of prices projected for the year 2010 is $47.00 to $67.00
per barrel. These prices would be substantially above the peak levels paid in

Projections of future domestic petroleum and natural gas demand and supply
conditions is presented in table 2. All three forecasts projected an upward
trend in petroleum demand above current levels. Petroleum consumption is
projected to range from 15.9 to 18.1 MBPD in the year 2000, and possibly
increase to 19.4 MBPD by the year 2010. In comparison, domestic petroleum
production is projected to decline to levels ranging from 6.1 to 8.9 MBPD by
the year 2010. Domestic natural gas demand is projected to increase to a
level ranging from 17.1 to 20.4 TCF per year by the year 2000 and then decline
to a level of 16.7 to 18.3 per year by 2010. Domestic gas production is
projected to follow a similar trend with domestic oil production and decline
to levels ranging from 13.9 to 15.0 TCF by the year 2010.

Conclusion

National hydrocarbon markets have undergone substantial changes since the
early 1970s. Energy conservation trends initiated by real price increases of
the 1970s are expected to continue through the end of this decade and possibly
beyond. However, future economic growth is expected to result in some
increased demand for petroleum and natural gas, while domestic production of
these finite resources is projected to decline. As a result, the United
States will become increasingly dependent on foreign hydrocarbon sources to
meet national requirements. New areas will need to be explored and any
economically viable resources that are discovered will need to be brought into
production in order to meet domestic needs. The potential contribution of
this refuge to national oil and gas production is dependent on its resource
potential and the potential cost at which any discovered hydrocarbon resources
could be extracted and marketed within the constraints of future oil and gas
prices.
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TABLE 1

PETROLEUM AND NATURAL GAS PRICE FORECASTSL/

Crude 0il ($/Barrel) Natural Gas ($/MCF)
Reference . 1990 2000 2010 1990 2000 2010
U.S. Department of Energy,
19852/
Low Economic Growth 20.27 31.31 47.42 2.64 4.13 6.02
Reference Case 22.89 36.75 56.77 2.76 4.80 7.68
High Economic Growth 25.02 42.17 67.12 2.88 5.42 9.14
Data Resources Incorporated,
19862/ 16.91  34.32  49.99 1.69 3.80 5.76
Chevron Corporation, 19863/ ,
— Low Case 12.00 18.00 N/A Rise to parity with
High Case 27.50 35.00 N/A fuel oil prices

1/ Some of the price estimates presented in this table were interpreted from
graphic displays and/or extrapolated from data series, so the reported
prices may vary slightly from the actual values.

2/ Reported on the basis of constant 1984 dollars.

3/ Reported on the basis of constant 1985 dollars.

[DRN
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TABLE 2

FUTURE DOMESTIC PETROLEUM AND NATURAL GAS
DEMAND AND SUPPLY RELATIONSHIPSl/
(See Table 1 for Price Forecasts)

Demand Suppl
Reference 1990 2000 2010 1990 2000 2010

Petroleum (Millions of Barrels Per Day)

U.S. Department of Energy, 1985

Low Economic Growth 16.1 15.9 15.5 9.8 9.0 7.8
Reference Case 16.7 16.6 16.5 10.0 9.4 8.3
High Economic Growth 16.8 17.0 17.3 10.0 9.7 8.9
Data Resources Incorporated,
1986 16.9 18.1 19.4 9.5 7.3 6.1
Chevron Corporation, 1986 16.0 16.8 N/A 9.2 7.0 N/A

Natural Gas (Trillion Cubic Feet Per Year)

Department of Energy, 1985

Low Economic Growth 18.6 18.8 17.2 17.4 16.1 14.7
Reference Case 19.1 19.7 17.4 17.6 16.3 15.0
High Economic Growth 19.5 20.4 18.3 17.9 16.6 14.7
Data Resources Incorporated, :
1986 18.9 18.1 16.7 16.7 15.3 13.9
Chevron Corporation, 1986 17.3 17.1 N/A N/A N/A N/A

| 1/ Some of the numeric estimates presented in this table were interpreted
from graphic displays and/or extrapolated from data series, so the
reported prices may vary slightly from the actual values.

-
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APPENDIX D

Summary of Hydrocarbon Occurrence and Development Potential

HYDROCARBON BLM MINERAL DEVELOPMENT
REFUGE UNIT OCCURRENCE POTENTIAL POTENTIAL
POTENTIAL CLASS.

CHUKCHI SEA UNIT (from north to south)

Seahorse Islands HIGH H/C LOW

Pt. Franklin HIGH H/C LOW

Islets in west HIGH H/C LOW
Peard Bay

Icy Cape HIGH H/C LOW

Ann Stevens/ HIGH H/C LOW
Cape Lisburne

Cape Thompson HIGH H/C LOW

Stepping Lagoon HIGH H/C LOW
Barrier Islands

Tasikpak Lagoon HIGH H/C LOW
Barrier Islands

Pusaluk Lagoon HIGH H/C LOW
Barrier Islands

Tugik Lagoon HIGH H/C LOW
Barrier Islands

Kavrorak Lagoon HIGH H/C Low
Barrier Islands

Ekichuk Lake LOwW L/A LOW
Islands

Puffin Island MODERATE M/C LOW

Chamisso Island MODERATE M/C LOW
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REFUGE UNIT

Sinnachiak
Peninsula

Lopp Lagoon
Barrier Islands

HYDROCARBON BLM MINERAL

OCCURRENCE
POTENTIAL

LOW

LOW

BERING SEA UNIT (north to south)

Sledge Island

Safety Sound
Barrier Island

Topkok Head
Bluff
Cape Darby
Besboro Island
Egg Island
Whale Island
Beulah Island
Cape Stephen
Sand Islands
Krekatok Island
Neragon Island
Kikegtek Island
Pingurbek Island
Kwigluk Island

Hagemeister Island

NONE

LOW

LOW

Low

LOW

LOW

LOW

Low

LOw

LOW

LOW

LOW

MODERATE

MODERATE

MODERATE

NONE

D-2

POTENTIAL
CLASS.

L/A

L/A

0/D

L/A

L/A
L/A
L/A
L/B
L/B
L/B
L/B

L/B

L/B
L/B
M/A
M/A
M/A

0/D

DEVELOPMENT
POTENTIAL

LOW

LOW

NONE

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOwW

LOW

NONE



REFUGE UNIT

St. Matthew Island Group

HYDROCARBON BLM MINERAL DEVELOPMENT

Hall Island
St. Matthew Island
Pinnacle Island

Pribilof Islands

St. Paul Island
Walrus Island
Otter Island

St. George Island

ALEUTIAN ISLANDS UNIT
Near Islands
Attu Island
Agattu Island
Alaid Island
Nizki Island
‘j . . Shemya Island
Rat Islands
Buldir Island
Kiska Island
Sobaka Rock
Little Kiska Island

Tanadak Island .

OCCURRENCE ~ POTENTIAL  POTENTIAL
POTENTIAL  CLASS.

NONE 0/D NONE
NONE 0/D NONE
NONE 0/D NONE
NONE 0/D NONE
NONE 0/D NONE
NONE 0/D NONE
NONE o/D NONE
NONE 0/D NONE
NONE 0/D NONE
NONE 0/D NONE
NONE 0/D NONE
NONE 0/D NONE
NONE 0/D NONE
NONE 0/D NONE
NONE 0/D NONE
NONE 0/D NONE
NONE 0/D NONE



HYDROCARBON BLM MINERAL DEVELOPMENT
REFUGE UNIT OCCURRENCE POTENTIAL POTENTIAL
POTENTIAL CLASS.

Rat Islands (cont.)

Segula Island NONE 0/D NONE
Khvostof Island NONE 0/D NONE
Pyramid Island NONE 0/D NONE
Davidof Island NONE 0/D NONE
Rat Island NONE 0/D NONE
Little Sitkin NONE . 0/D | NONE
Island
Amchitka Island NONE 0/D NONE
Bird Rock NONE 0/D NONE
Semisopochnoi NONE 0/D NONE
Island

Delarof Islands

Amatignak Island NONE 0/D NONE
Tanadak Island NONE 0/D NONE
Ulak Island NONE 0/D NONE
Unalga Island NONE 0/D . NONE
Dinkum Rocks NONE 0/D NONE
Kavalga Island NONE 0/D NONE
Gareloi Island NONE 0/D NONE
Ogliuga Island NONE 0/D NONE
Skagul Island NONE 0/D NONE
Tag Island NONE 0/D NONE
Ilak Island NONE 0/D NONE
Gramp Rock NONE 0/D NON



HYDROCARBON BLM MINERAL DEVELOPMENT
REFUGE UNIT OCCURRENCE POTENTIAL POTENTTIAL
POTENTIAL CLASS.

Andreanof Islands

Tanaga Island NONE 0/D NONE
Kanaga Island NONE 0/D NONE
Bobrof Island NONE 0/D NONE
Ringgold Island NONE 0/D NONE
Staten Island NONE 0/D NONE
Argonne Island NONE 0/D NONE
Dora Island NONE 0/D " NONE
North Island NONE 0/D NONE
South Island NONE 0/D NONE
Green Island NONE 0/D . NONE
Ina Island NONE 0/D NONE
Crone Island NONE 0/b NONE
Island north of EIf NONE 0/D NONE
E1f Island ’ NONE 0/D NONE
Adak Island NONE 0/D NONE
Kagalaské Island NONE 0/D NONE
Little Tanaga NONE 0/D NONE
Island
Chisak Island NONE 0/D NONE
Umak Island NONE 0/D NONE
Aziak Island NONE 0/D NONE
Tanaklak Island NONE 0/D NONE
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HYDROCARBON BLM MINERAL DEVELOPMENT
REFUGE UNIT OCCURRENCE POTENTIAL" POTENTIAL
POTENTIAL CLASS.

Andreanof Islands (cont.)

Asuksak Island NONE 0/D NONE
Kanu Island NONE 0/D NONE
Tagadak Island NONE 0/D NONE
Great Sitkin Island  NONE 0/D NONE
Igitkin Island NONE 0/D NONE
Anagaksik Island NONE 0/D NONE
Ulak Island NONE 0/D NONE
Chugul Island NONE 0/D NONE
Tagalk Island NONE 0/D NONE
Ikiginak Island NONE 0/D NONE
Oglodak Island NONE 0/D NONE
Kasatochi Island NONE 0/D NONE
Koniuji Island NONE 0/D NONE
Salt Island NONE 0/D NONE
Atka Island NONE 0/D NONE
Egg Island NONE 0/D NONE
Amlia Island NONE 0/D NONE
Sagagik Island NONE 0/D NONE
Tanadak Island NONE 0/D NONE
Agligadak Island NONE 0/D " NONE
Seguam Island NONE 0/D NONE
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HYDROCARBON BLM MINERAL DEVELOPMENT
REFUGE UNIT OCCURRENCE POTENTIAL POTENTIAL
POTENTIAL CLASS.

Islands of Four Mountains

Amukta Island NONE 0/D NONE
Chagulak Island NONE 0/D NONE
Yunaska Island NONE 0/D NONE
Herbert Island NONE 0/D NONE
Carlile Island NONE 0/D NONE
Chuginadak Island NONE 0/D NONE
Uliaga Island NONE 0/D NONE
Kagamil Island NONE 0/D ' NONE

Fox Islands

Samalga Island NONE 0/D NONE
Adugak Island NONE 0/D NONE
Umnak Island NONE 0/D NONE
Vsevidof Island NONE o/D NONE
Kigul Island NONE 0/D NONE
Ogchul Island NONE 0/D NONE
Pustoi Island NONE 0/D NONE
Emerald Island NONE 0/D NONE
Bogoslof Island NONE - 0/D NONE
Fire Island NONE 0/D NONE
Unalaska Island NONE 0/D NONE
Baby Islands 'NONE 0/D NONE



HYDROCARBON BLM MINERAL DEVELOPMENT
REFUGE UNIT OCCURRENCE POTENTIAL POTENTIAL
POTENTIAL CLASS.

Fox Islands (cont.)

WisLOW Island NONE 0/D NONE
Round Island NONE 0/D NONE
Tanaskan Bay Islets  NONE 0/D ﬁONE
Dushkot Island NONE 0/D NONE
Erskine Bay Islets NONE 0/D NONE
Kisselen Bay Islets  NONE 0/D NONE
Peter Island NONE 0/D NONE
Buck Island NONE 0/D NONE
Ogangen Island NONE 0/D NONE
Sedanka Island NONE 0/D NONE
Egg Island NONE 0/D NONE
Unalga Island NONE 0/D NONE

Krenitzin Islands

Akutan Island NONE 0/b NONE
Akun Island NONE ~ 0/D NONE
Avatanak Island NONE 0/D NONE
Tigalda Island NONE 0/D NONE
Kaligagan Island NONE 0/D NONE
Aiktak Island NONE 0/D NONE
Ugamak Island NONE 0/D NONE
~ Round Island NONE 0/D NONE



HYDROCARBON BLM MINERAL DEVELOPMENT
REFUGE UNIT OCCURRENCE POTENTIAL POTENTIAL
POTENTIAL CLASS.

Krenitzin Islands (cont.)

Amak Island and NONE 0/D NONE
Sealion Rocks

Unimak Island NONE 0/D NONE
ALASKA PENINSULA UNIT
Sankin Island LOW L/A LOW

Sanak Islands

Long Island NONE 0/D NONE
Rabbit Island ‘ NONE 0/D NONE
Wanda Island NONE 0/D NONE
Elma Island NONE 0/D NONE
Inikla Island NONE 0/D NONE
Umla Island NONE 0/D NONE
Caton Island NONE 0/D NONE
Other islets and NONE 0/D NONE
rocks :
Egg Island NONE 0/D NONE
Amagat Island NONE 0/D NONE
Sandman Reefs NONE 0/D NONE

includes islets and
rocks plus Goose,
Little Goose,
Midun, High,
Shushilnoi, Hunt,
and Umga islands
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vg HYDROCARBON BLM MINERAL DEVELOPMENT
‘ REFUGE UNIT OCCURRENCE POTENTIAL POTENTIAL
POTENTIAL CLASS.

Sanak Islands (cont.)

Sozavarika Island NONE 0/D NONE
Buyan Island NONE 0/D NONE
Patton Island NONE 0/D NONE
Sarana Island NONE 0/D NONE
Rona Island NONE 0/D NONE
Deer Island

northern edge LOW L/A Low

remainder NONE 0/D NONE
Fox Island NONE 0/D NONE

Pavlof Islands

Inner Iliasik Island

Island
north half LOW L/A Low
south half NONE 0/D NONE
Outer Iliasik NONE 0/D NONE

Island
Goloi Island Low L/A Low
:é Dolgoi Island Low L/A LOW
Poperechnoi Island NONE 0/D NONE
Ukolnoi Island NONE 0/D NONE
The Pinnacle NONE 0/D NONE
Wosnesenski Island NONE 0/D NONE
Omega Island NONE 0/D NONE
Kennoys Island NONE 0/D NONE
Jude Island NONE 0/D NONE

D-10

[N



[ S—

HYDROCARBON BLM MINERAL DEVELOPMENT
REFUGE UNIT OCCURRENCE POTENTIAL POTENTIAL
POTENTIAL CLASS.

Shumagin Islands

Unga Island MODERATE M/A LOW
Gull Island MODERATE M/A Low
Egg Island NONE 0/D NONE
Popof Island MODERATE M/A LOwW
Henderson Island MODERATE M/A LOW
Korovin Island MODERATE M/A LOW
Guillemot Island MODERATE M/A Low
Karpa Island NONE 0/D NONE
Andronica Island NONE 0/D NONE
The Whaleback NONE 0/D NONE
The Haystacks NONE 0/D NONE
Nagai Island NONE 0/D NONE
John Island NONE " 0/D NONE
Near Island NONE 0/D NONE
Twin Islands NONE 0/D NONE
Turner Island NONE 0/D NONE
Bendel Island NONE 0/D NONE
Spectacle Island NONE 0/D NONE
Peninsula Island NONE 0/D NONE
Big Koniuji Island NONE | o/D NONE
Castle Rock NONE 0/D NONE
Murre Rocks NONE 0/D NONE
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HYDROCARBON BLM MINERAL DEVELOPMENT
REFUGE UNIT OCCURRENCE POTENTIAL POTENTIAL
POTENTIAL CLASS.

Shumagen Islands (cont.)

Hall Island NONE 0/D NONE
Herendeen Island NONE 0/D NONE
Little Koniuji NONE 0/D NONE
Island
Atkins Island NONE 0/D NONE
Bird Island NONE 0/D NONE
Chernabura Island NONE 0/D NONE
Simeonof Island NONE 0/D NONE

and islets

Simeonof Island NONE 0/D NONE
water columns
and tidelands

Chiachi Islands

Leader Island MODERATE M/A LOW
Jacob Island MODERATE M/A LOW
Paul Island MODERATE M/A Low
Chiachi Island HIGH H/C LOW
Chiachi Islets HIGH H/C LOW
Petrel Island HIGH H/C LOW
Shapka Island | NONE 0/D NONE
Pinusuk Island HIGH H/C Low
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HYDROCARBON BLM MINERAL DEVELOPMENT
REFUGE UNIT OCCURRENCE POTENTIAL POTENTIAL
POTENTIAL CLASS.

Islands and capes associated with the Alaska Peninsula

Brother Islands HIGH H/C LOW
Spitz Island NONE o/D NONE
Mitrofania Island HIGH H/C LOW
Seal Cape HIGH H/C LOowW
Chankliut Island HIGH , H/C LOW
Gull Island HIGH H/C LOW
Nakchamik Island NONE 0/D NONE
Kak Island NONE 0o/D NONE
Atkulik Island NONE 0/D NONE
Unavikshak Islands  HIGH H/C LOW
Unnamed islands HIGH H/C LOW
south of Cape
Kumlik
Kumlik Island HIGH H/C Low
Garden Island HIGH H/C LOW
Eagle Island  HIGH H/C LOW
Sutwik Island HIGH H/C LOW
Hydra Island HIGH H/C LOW
Long Island HIGH H/C LOW
Central Island HIGH H/C Low
Ugaiushak Island HIGH H/C LOW
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HYDROCARBON BLM MINERAL DEVELOPMENT
REFUGE UNIT OCCURRENCE POTENTIAL POTENTIAL
POTENTIAL CLASS.

Semidi Islands

Aghiyuk Island NONE 0/D NONE
Chowiet Island NONE 0/D NONE
All other islands NONE 0/D NONE
and islets in
the group
Semidi submerged NONE 0/D NONE
lands
Chiginagak Bay Islets HIGH H/C LOW
Derickson Island HIGH H/C LOW
Aiugﬁak Columns HIGH H/C LOW
David Island HIGH H/C Low
Poltava Island HIGH H/C LOW
Navy Island HIGH H/C | Low
Ashiiak Island HIGH H/C Low
Agripina Bay Islets HIGH H/C LOow
Kilokak Rocks HIGH H/C LOW
Imuya Bay Islets HIGH H/C Low

Wide Bay Islands

Titcliffe Island HIGH H/C LOW
Hartman Island HIGH H/C LOW
Terrace Island HIGH H/C LOW
West Channel Island HIGH H/C LOW
East Channel Island HIGH H/C LOW
Unnamed islands HIGH H/C LOW
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HYDROCARBON BLM MINERAL DEVELOPMENT
REFUGE UNIT OCCURRENCE POTENTIAL POTENTIAL
POTENTIAL CLASS.

Wide Bay Islands (cont.)

Jute Island HIGH H/C LOW
Kekernoi Islets HIGH H/C LOW
Alinchak Bay Islets HIGH H/C LOW
Chirikof Island Low L/A LOW
Nagai Rocks LowW L/A LOW

GULF OF ALASKA- UNIT

Islands and submerged lands associated with Kodiak Island

Sundstrom Island NONE 0/D NONE
Aiktalik Island
southeast of LOW L/A Low
Aiktalik Cove
northwest of NONE 0/D NONE
Aiktalik Cove
Geese Islands Low L/A Low
Akhiok Island NONE 0/D NONE
Flat Island LOW L/A LOW

Sitkalidak Island
southeast of LOW L/A LOW
McDonald Lagoon
and Rolling Bay
northwest of NONE 0/D NONE
McDonald Lagoon
and Rolling Bay

Fox Island NONE o/D NONE
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HYDROCARBON BLM MINERAL DEVELOPMENT
REFUGE UNIT ' OCCURRENCE POTENTIAL POTENTIAL
POTENTIAL CLASS.

Islands and submerged lands associated with Kodiak Island (cont.)

Karluk area NONE 0/D NONE
Tidelands,
submerged lands,
and water column
from Wolcott Reef
to Stugeon Lagoon

Bear Island NONE 0/D NONE
Harvester Island NONE 0/D ) NONE
Noisy Island NONE 0/D NONE
Unnamed islands NONE 0/D NONE

adjacent to
Noisy Island

Islets at head of NONE 0/D NONE
Northeast Arm

Sally Island NONE 0/D NONE

Sheep Island NONE 0/D NONE

Village Island . NONE 0/D NONE

Green Island NONE 0/D NONE

and islets

Womens Bay Islets

Mary Island NONE 0/D NONE
Viesoki Island NONE 0/D NONE
Zaimba Island NONE 0/D NONE
Puffin Island NONE 0/D NONE
Womens Bay NONE 0/D NONE

submerged lands,
tidelands, and
water column
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HYDROCARBON BLM MINERAL DEVELOPMENT
REFUGE UNIT OCCURRENCE POTENTIAL POTENTIAL
POTENTIAL CLASS.

Islands and submerged lands associated with Afognak Island

Afognak submerged NONE 0/D NONE

lands and water

column
Grassy Island NONE 0/D NONE
Alligator Island NONE | 0/D NONE
Rocky Island NONE 0/D NONE
Teck Island NONE 0/D NONE
Hogg Island NONE 0/b NONE
Bear Island NONE 0/D NONE
Delphin Island NONE 0/D NONE
Discoverer Island NONE 0/D NONE
Murphy Island NONE 0/D NONE
Sealion Rocks NONE 0/D NONE
Sea Otter Rocks NONE 0/D NONE
Latex Rocks NONE 0/D NONE
Dark Island NONE 0/D NONE

Barren Islands

Carl Island NONE 0/D NONE
Ushagat Island NONE 0/D NONE
Sugarloaf Island NONE 0/D NONE
Sud Island NONE 0/D NONE
Nord Island NONE 0/D NONE
West Amatuli Island  NONE 0/D NONE
East Amatuli Island NONE 0/D NONE
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HYDROCARBON BLM MINERAL DEVELOPMENT
REFUGE UNIT OCCURRENCE POTENTIAL POTENTIAL
POTENTIAL CLASS.

Islands and rocks in Cook Inlet

Bruin Island NONE 0/D NONE
Mushroom Islets HIGH H/B Low
White Gull Island LO& L/A LOW
Turtle Reef HIGH H/B LOW
Iniskin Rock HIGH H/B LOW
Vert Island HIGH H/B LOW
Scott Island HIGH H/B LOW
Iniskin Island HIGH H/B Low
Pomeroy Island HIGH H/B LOW
Big Rock HIGH H/B LOW
0il Reef HIGH H/B LOW
Gull Island HIGH H/B LOW

Tuxedni Subunit

Duck and Chisik HIGH H/B LOW
islands
Sixty Foot Rock LOW L/A _ LOW

Chugach Islands

Elizabeth Island NONE 0/D NONE
Perl Island NONE 0/D NONE
East Chugach Island NONE 0/D NONE
Perl Rock NONE 0/D NONE
Naguhut Rocks NONE 0/D NONE
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REFUGE UNIT

Pye Islands
Pye Reef

Outer Island
_Rabbit Island
Ragged Island

Chiswell Islands

Granite Island
Twin Islands
Dora Island
Harbor Island-
Natoa Island
Beehive Islands
Matushka Island
Chiswell Islands
Lone Rock

Seal Rocks

Chat Island
Cheval Island
Rugged Island
Pilot Rock

Unnamed islands

HYDROCARBON BLM MINERAL DEVELOPMENT
POTENTIAL

OCCURRENCE
POTENTIAL

NONE
NONE
NONE

NONE

NONE
NONE
NONE
NONE
NONE
NONE-
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
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POTENTIAL
CLASS.

0/D
0/D
0/D

0/D

0/D
0o/D
0o/D
0/D
0/D
o/D
0/D -
0/D
0/D
0/D
0o/D
0/D
0/D
0/D

0/D

NONE

NONE

‘NONE

NONE

NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE

NONE
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REFUGE UNIT

Other Islands of the Gulf of Alaska and Southeast

HYDROCARBON BLM MINERAL DEVELOPMENT

OCCURRENCE
POTENTIAL

POTENTIAL
CLASS.

Middleton Island
Moraine Islands

St. Lazaria Subunit
Hazy Islands

Forrester Island
Subunit

LOW

HIGH

NONE

NONE

NONE

D-20

L/A
H/C
0/D
0/D

0/D

POTENTIAL

LOW
LOW
NONE
NONE

NONE



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

